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ZnTe/Zn(S,Te) superlattices: A relaxation study by x-ray diffraction and reflectometry
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Two different x-ray techniques, high resolution x-ray diffraction and reflectometry, are applied to investigate
crystallinity and interface properties of Zpge, ,/ZnTe strain-balanced superlattices as a function of their
period. To gain a conclusive picture, the reciprocal space is probed in different regions: Measurements around
the (004) Bragg peak allow conclusions on island formation and relaxation: For a superlattice period below 2
nm the layers and interfaces are nearly perfect. At periods above 2 nm there is a spread in the average lattice
constant, indicating the formation of ZnTe islands. Finally, at periods above 2.4 nm the critical thickness of the
ZnTe layers is exceeded, and dislocations are observed as a spread in the lattice plane orientation. Reflecto-
metry scans, that probe a region close to the origin of reciprocal space, give complementary information and
help to quantify the interface roughness: The nearly perfect sample with the lowest period exhibits a pro-
nounced structure of very regular terraces with bunched steps, so that the interfaces are strongly anisotropic.
The roughness in the vertical direction is very low, and is inherited from layer to layer. With increasing period,
one observes an increase of the vertical roughness due to island formation and a decrease of the anisotropy due
to step wandering. Direct imaging methods like atomic force microscopy and transmission electron microscopy
essentially confirm these results, but do not give much additional informa861.63-182@9)15415-9

INTRODUCTION formed from individual layers with a very large lattice mis-
match with respect to the GaA8% for ZnTe, and 2% for
Optoelectronic devices in the near-infrared and red specZnS gTey o) that must be exactly strain balanced in order to
tral range are typically based on GaAs and @4 _,As, oObtain high-quality material. Due to this high built-in
with GaAs used as an easily available high-quality substratétrain, this system offers an interesting model system for
material. On the other end of the visible spectrum, the I1-VIwhich effects like interface roughening and relaxation of the
semiconductor ZnSe has the same crystal structure arifidividual layers can be studied. We have recently shown
nearly the same lattice constant, a fact that has led to théat such superlattices can be grown in excellent quélity.
development of high-quality light emittérand detectorsin  this paper we use x-ray-diffraction techniques to obtain a
the blue range of the spectrum that are also based on GaAs @etailed understanding of the evolution of interface proper-
a substrate. The availability of additional materials latticeties and crystalline quality with increasing superlattice pe-
matched to GaAs with energy gaps corresponding to th&iod, and compare the obtained results to direct imaging
wavelengths between red and blue would thus allow on téechniques like atomic force microsco@#FM) and trans-
cover the entire visible range with devices based on the sari@ission electron microscopy.
substrate. One of the best candidates that fulfills these re-
quirements is the alloy Zn%¥e,;_,, which can be lattice
matched to GaAs for a Te content of about 35%, and then
exhibits an energy gap of about 2.2 eV. The corresponding ZnTe-ZnS,Te superlattices were grown of®01)-GaAs
combination of ZnS and ZnTe to a superlattice latticesubstrates. A series of lattice-matched samples with different
matched to GaAs would be still more flexible, since for asuperlattice periods was grown in the following way: first a
superlattice the energy gap at a given lattice constant can B®0-nm GaAs buffer layer was grown on the substrate. The
changed by a variation of the superlattice period. Unfortusample was then transferred under ultrahigh vacuum to a
nately, the optimum substrate temperatures for moleculat—VI growth chamber. Here a 20-nm ZnSe buffer layer was
beam-epitaxyMBE) growth of ZnS and ZnTe differ consid- deposited, followed by the ZnTe-ZgBs, , superlattice
erably, so that high-quality ZnS/ZnTe superlattices cannot bstructure grown at a substrate temperature of 280 °C. For the
grown by MBE. This problem can be solved by the use ofsuperlattice, a group-II rich flux ratio was used. Zinc and
ZnS,Te, _, with a low Te contenttypically 2099 instead of  tellurium were evaporated from elemental cells, while sulfur
ZnS as one component of the superlattice, since a commonas evaporated from a ZnS compound source. After the
substrate temperature of 280 °C is suited for both ZnTe andeposition of each individual layer, growth was interrupted
ZnS, sTey , growth? ZnS, gTe, ,/ZnTe superlattices are thus and the surface was exposed to a molecular beam of zinc for
of considerable interest for optical devices, and efficient pinl0 sec to smooth the surface.
detectors with external quantum efficiencies up to 60% have For all samples, the number of superlattice periods was
recently been fabricated in our laboratory from such superehosen to be 20, making it possible to obtai26-
lattices lattice matched to GaAs. reflectometry scans with finite thickness fringes resolved. A
In addition to this device aspect, such superlattices are ofulfur content of 20% for the Zn$e, _, barrier was chosen.
interest from a more fundamental point of view: They areFor a lattice-matched sample the ratio between the ZnTe well

EXPERIMENTAL DETAILS
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TABLE I. Results obtained from HRXRD.

Lattice  Superlattice
Sample Period mismatch thickness FWHMeaz; FWHMg,,, AFWHM, AFWHM,
No. A) (%) (nm) v (%) (arcseg (arcseg (arcseg (arcseg
1 19.2 0.63 39.2 1 410 407 3 0
2 23.9 0.86 47.8 1 387 355 32 1
3 32.8 0.19 65.6 1 276 196 80 17
4 40.9 ~0 81.8 550 202 348 26

thickness and the ZpgTe, , barrier width is approximately strong peak broadening, so that this sample is presumably
1:2. The series consisted of four lattice-matched samplegartly relaxed.

with intended periods of 20, 24, 32, and 40 (the corre- Second, symmetric reflexes were investigated. Figure 1
sponding sample numbers are 1, 2, 3, andThe sample Showsw-26 scans of sample Nos. 1-4, measured around the
structures are listed in Table |. symmetric 004 reflection of the GaAs substrate. Such scans

The main focus of our investigation is on x-ray-diffraction give information on variations of the lattice constant in the
techniques. As shown in our first study devoted to ZnS, Tegrowth direction and on interference phenomena occurring in
related superlattices, high-resolution x-ray-diffraction this direction. To describe the typical features of such a scan,
(HRXRD) around Bragg peaks is a very powerful tool to We concentrate first on the results for sample No. 2: Super-
determine the onset of the relaxation process such as islaf@tice satellite peaks can be observed incarange of 10°.
or dislocation formation. With HRXRD it is possible to dis- On the left side of the»-26¢ curve, superlattice satellites up to
tinguish between a variation in the lattice constant, as it octhe third order are visible, while on the right side only the the
curs in the case of elastic island formation, and a variation ofirst-order superlattice peak is observed. Between the satel-
the lattice plane orientation, which is a measure for misfitites of —1 and+1 order, finite thickness fringes correspond-
dislocation formation, by measuring thallf width of half ~ ing to the total thickness of the superlattice are observable,
maximum (FWHM) of the Bragg peaks in directions parallel pointing out that the surface and the interfaces of the super-
and vertical to the surface, respectivéhereafter called),  lattice are relatively smooth. The FWHM of the zero-order
andq, direction. For HRXRD measurements the following Satellite ingy direction is 11 arcsec, a value corresponding to
X-ray optics was used: on the incident side an X-ray mirroﬁhe resolution of the diffractometer. It is evident that sample
together with a four-crystal Ge 220 monochromator; and orfNO. 2 is of nearly perfect structural quality.
the exit side a 1° receiving slifor g, scan or a triple-axis The w-26 scan of sample No. 4, which has the longest
Ge 220 monochromatdfor g, scans.

Second, grazing-incidence x-ray scattering measurements
were carried out, using the same diffractometer equipped
with an x-ray mirror and a programmable divergence slit.
With these experiments one probes the reciprocal space close 1011 1 1
to the origin, so that one is especially sensitive to interface 2
properties. Specular and nonspecular scattering of x rays
contains statistical information about the interfacial structure
which can be accessed by employing a model based on the
distorted-wave Born approximation to evaluate the reflectiv-
ity data® This is an excellent tool for the investigation of the
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mesoscopic structure of heterostructures, such as the inter-
face roughness and the correlation between different inter-
faces.

To obtain a comprehensive picture, these x-ray methods
were complemented by AFM and TEM. While x-ray meth-
ods give statistical informations over large sample areas,
these direct imaging techniques are complementary in the
sense that they probe very small sample areas with high spa-
cial resolution.

RESULTS AND DISCUSSION

In order to determine the relaxation degreeasymmetric
113 and 115 reflections were also measured. The resulting
values fory are included in Table I. Sample Nos. 1-3 have
a y of 1, corresponding to a fully strained situation with

respect to the substrate. For sample No. 4 the asymmetric FIG. 1. w-26 scans of sample Nos. 1-4, measured around the
reflexes were too weak to be measured. This indicates @04 reflection of the GaAs substrate with HRXRD.
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AFWHM,, which is a measure for the tilt in the lattice plane
at a given lattice constant, also increases significantly with
the superlattice period: while for sample Nos. 1 and 2 this
value is zero, it is increased to 17 and 26 arcsec for sample
Nos. 3 and 4, respectively. This means that the critical su-
perlattice period determining the onset of relaxation is be-
tween 23.9sample No. 2and 32.8 A(sample No. B
In contrast, theAFWHM, is zero only for sample No. 1,
: : while for the other three samples there exists a measurable
| O . 0 spread in the average lattice constant. The onset of this varia-
1 2 3 4 tion in the lattice constant thus starts alreddyorethe onset
o : : < of relaxation for superlattice periods between 1&ample
: : m No. 1) and 23.9 A(sample No. 2 The most probable inter-
: : - pretation for this behavior is elastic relaxation by island for-
'steps - islands mation, a phenomenon that has also been observed for other
g . g strongly strained systems like InAs on GaAs, and is driven
by the fact that the lattice cells at the border of the islands
can expand elastically, a situation which is energetically fa-
: vorable. Such an elastic relaxation typically leads to a two-
m . dimensional wetting layer, and islands on top of it which
: : differ in lattice constant. One would thus expect a measur-
- u 5. g able spread in the vertical lattice constant, as observed ex-
20 25 30 35 40 perimentally. From the experiment, one cannot distinguish
Superlattice Period [nm] whether the ZnTe or ZngTe,, layers form the islands.
However, it is reasonable to assume that the island formation
FIG. 2. Deviation from the full width at half maximum of an gccurs in the ZnTe, which is extremely strained and thus can
ideal crystal in they, direction(solid squaresand theq, direction gain much more energy by the island formation.
(open circley as functions of the superlattice period. In contrast to the measurements described above, in a
reflectometry arrangement one probes the reciprocal space
superlattice period of the series, looks significantly different.close to its origin and far away from Bragg reflections of the
Compared to the other samples, the satellite peaks are also lgésic crystal latticéin case of a superlattice, tlseiperlattice
lower intensity. In addition, the superlattice satellites ofBragg peaks can, however, be much closer to the origin, and
sample No. 4 are broadened in thedirection, indicating a  one or more superlattice Bragg peaks typically appear within
variation in the average vertical lattice constant. The FWHMthe range of a reflectometry measuremems a conse-
of the zero-order satellite in thg, direction is 36 arcsec, a quence, the method is nearly insensitive to the crystalline
value which is also significantly increased compared to theyuality of the layers, but very sensitive to the quality of the
one of sample No. 2, showing that the structural quality ofinterfaces, and thus gives information complementary to the
sample No. 4 is diminished by the formation of misfit dislo- Bragg diffraction.
cations. Three types of information can be gained from high-
All measuredw-26 curves were simulated using the recur- resolution reflectometry: First, a scan alogg (an w-26
sion relation derived from the Takagi-Taupin differential scan contains information on the roughness of interfaces in
equations _according to the dynamical theory of x-raythe vertical direction. Second, diffuse scattering in the
diffraction.”® Since sample Nos. 1-4 have different total direction (obtained by anw scan can be evaluated to obtain
thicknesses and the peaks are broadened imfhirection  |ateral correlation lengths of the roughness. As in conven-
due to the finite sample thickness, a variation of the latticaional Bragg diffraction,»-26 and w-scans can, third, be
constant is observed as a broadening of the peaks with rgombined to reciprocal space maps. The relative form of
spect to the peak width of an ideally perfect samfifee  coherently reflected and diffusely scattered intensity gives a
so-called intrinsic peak widjh This differenceAFWHM,  picture of the roughness inheritance from one layer to the
between the measured and simulatedd widths of the next.
zero-order satellite was calculated, and taken as a suitable As a typical example, two reciprocal space maps of
quantity to describe the variation of the lattice constant. Insample No. 3, one with the x ray parallel to 0] direc-
analogy, the differenceAFWHM, between the measured tion of the substrate, and one with the x-ray perpendicular to
FWHM in the g, direction and the resolution of the diffrac- it, are drawn in Fig. 3. The intensity of the coherent scatter-
tometer(which is 10 arcsecis a measure for the mosaicity ing is observed on a line in the-26 direction alongw=0. It
of the sample which is a consequence of the formation ofs evident that the intensity of the diffuse scattering, which is
misfit dislocations. The obtained values AFWHM, and  observed at values away from zero, already replicates the
AFWHM, of the zero-order satellite of all four samples areoscillations of the Bragg reflections. This is typical of
listed in Table I. samples where the interface roughness in the vertical direc-
To illustrate the results, in Fig. 2AFWHM, and tion is more strongly correlated from interface to interface
AFWHM, are plotted as functions of the superlattice period.(so called inherited roughnessvhereas uncorrelated inter-
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FIG. 3. Reciprocal space maps of sample No. 3, measured with = 4
an x-ray in thel1-10] and[110] directions(reflectometry. B
10-3 |-
faces would give a smooth intensity distribution of the dif- [
fuse scattering. C L et T
w-20 reflectometry scans correspond to a horizontal cut 0 1 2 3 4 5

through the reciprocal space map@t0. Such scans are
compared in Fig. 4 for the four samples. The decay of the 0 (deg)
reflectivity curves increases with the sample number, imply-
ing that the surfaces become rougher as the superlattice p
riods are longer.

A gquantitative evaluation of the surface and interface ¢ . ith i . latti iod. It
roughnesses can be obtained by a simulation of these curvB?rame €rs increase with increasing superlattice period.
also turns out that the surface is abdu® rougher than the

based on the well-known Parratt’'s recursion relation ) . .
interfaces. This may be due to oxidation of the surface.

FIG. 4. w-26 reflectometry scans of sample Nos. 1Hick
fiie) together with fits(thin line).

M1t Ris1€xp2ig,1d; 1) The question of how the rough interfaces look like can be
R rR— X210 10 1) partly answered by» scans through the superlattice Bragg
i+ 1Rj+1 €XP2105410j 44 peaks(so-called transverse scanSuch transverse scans in

where d; is the thickness of thgth layer, andq; is the  theay direction around the first-order Bragg peak were car-
normal component of the wave vector inside fttie layer.  fied outin two perpendiculdd10) azimuths. Figure 5 shows

The effect of the interfacial roughness is incorporated into®xamples of such scans for sample Nos. 1 and 3 together
the Fresnel reflectantby with simulations based on the following formalism: The

cross section for the diffuse scattering is givert’by
L
A TIE]

whereo; is the root-mean square of thh interface.

Best fits based on this formalism are also shown in Fig. 4. ) _
However, it has to be stated that these fits are not unambigu- X f dr (%K) —1)e (X +ayy),
ous in the sense that they are not very sensitive to the differ-
ayers. Based on the resus of the high-resolaton Aragy dif/1e78 T2 &r€ the iansmitiviies at the surfacy, is the
fractioﬁ which indicate that the ZnTe starts to form islandsrefra(_:tlon-correcte_d vertlcgl moment transféy,is the con-

’ . . . trast in the scattering density, aAds a constant. The cross-

after a certain thickness, we used two different roughnes

. ) Zorrelation function Cjk=(Az(0,0)Az(x,y)) represents
j 1] k 3
parameters to simulate the ZnTe and &9&0-2 interfaces. the average of the height-height correlations betweentthe
The larger value was assumed to describe the roughness g . X ;
. ; interface of heightAz; and thekth interface of heighi\z, .
the ZnTe layer(although good fits could also be obtained -, . ! . :
. . ! : This cross-correlation function can be writte
with an inverse assumption The three resulting roughness
parameters, describing the roughness of ZnTe,(4h&,

and the the surface, are listed in Table . All three roughness Cik=0j o @2 e (18)™ cog 2 mr ),

exq—ijqj+10-2)1 |T1T2|2

2, 2, 2 )
Idiff(Q) ZAWE 5]_ 5: e70.5qz(aj +ok)e7|qz(zj—zk)
z ],k

TABLE Il. Roughness obtained from reflectometry and ATM.

ZnTQQefA Zn(S: TeRef. Surfac@ef SurfaCQFM, rms SurfaCQFM, rms
Sample No. A) A ) AM (A) PM (A)
1 3.2+0.5 2.8£0.5 4.4-0.5 6.9-2 4,12

2 4.0=05 3.2:0.5 4.70.5 7.1x2 3.9£2
3 4505 3.9-0.5 5705 7.222 4.2+2
4 5.6£0.5 45-05 6.2-0.5 5.4-2 432
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FIG. 5. w reflectometry scans
: 3 : T p : 3 T T around the zero-order superlattice
@ Q (deg) (b) a (deg) Bragg peak of sample No. [{a)
. , , . . . and(b)] and sample No. B(c) and
d)] with an x ray parallel to the
3[110 . (
5 101 z 3[1-10] [110] direction[(a) and(c)] and to
g E the [1-10] direction[(b) and (d)].
5 5
E 2
5 i 3 3 3 i 5 ;
© Q (deg) e\ Q (deg)

where¢, and &, are the mean parallel and vertical correla-responding to larger correlation lengths. The samples are
tion lengths respectively, anld is the roughness exponent. thus still anisotropic, although the anisotropy decreases with
The cosine function is introduced to account for the wavedincreasing period, i.e., the mean terrace length decreases.
length selection of the terracés. A reasonable explanation for this behavior is the assump-
The scans in the two directions are very different, showtion that the step edges begin to become more and more
ing that the interface morphology is strongly anisotropic.curved as the period becomes larger and the strain is in-
This anisotropy can be best understood from the scans afreasedso-called step wanderihgSuch a curving is ener-
sample No. 1, where one observes two side maximums igetically favorable, since it increases the fraction of lattice
[110] azimuth [Fig. 5@]. The occurrence of such pro- cells at edges, and thus allows for a certain amount of elastic
nounced side maxima implies a wavelength selection of theelaxation. Eventually, a step curved inward and one curved
roughened interfaces that can only occur if the roughness isutward may touch each other, forming an island that limits
very regular. This is typically the case for an arrangement ofhe terrace length. This tendency increases with increasing
steps on a slightly miscut substrate. The minimum miscustrain, so that the mean terrace length decreases with increas-
angle can be directly obtained from the asymmetry of theng superlattice period.
side maxima with respect to the coherently scattered central So far all conclusions have been obtained from reciprocal
peak; it is on the order of 0.3°. The fit in Fig( is based on space, and represent an average information over a large
the assumption of a mean terrace width of 230 nm. Togethesample area. In order to test the validity of these conclusions,
with the miscut angle this value can be used to calculate thi is interesting to compare the obtained picture to the results
mean step height, which is 1.1 nm or about 3 ML. This is aof real-space imaging techniques. AFM gives a possibility to
strong indication that at each terrace edge several monolaygain information on lateral correlations and anisotropy of the
steps occur within a short distance, a well-known behaviosurface, whereas TEM gives informations on the roughness
that is called step bunching. of individual interfaces and roughness inheritance between
The peak in the[1-10 azimuth [Fig. 5b)] is much interfaces.
sharper, and can be simulated with a lateral correlation As an example for the evolution of the surface with in-
length of 610 nm. The fact that side maxima do not occur increasing period, AFM measurements of the surface of
this case shows that the step distance is irregular in this dsample Nos. 1 and 3 are shown in a three-dimensional plot in
rection. This is the behavior one would expect for a measureFig. 6. The image of sample No. 1 shows pronounced ter-
ment along slightly curved terraces. The overall picture ofraces with very regular width. The average terrace width is
sample 1 is thus very clear: It consists of slightly curved200 nm, a typical step length is about 3000 nm, and the
terraces that are limited by bunched steps in the directiomverage step height is about 1 nm. With the exception of the
transverse to the terraces. step length, these results are in excellent agreement to the
It is interesting to observe the change of these terraces fagricture of regular terraces with bunched steps obtained from
increasing periods. The scans for sample Nos. 2—4 lookhe x-ray reflectivity measurements. The larger terrace width
gualitatively similar, so that only sample No. 3 is included from the AFM measuremeri8000 nm compared to 610 nm
Fig. 5: in the[110] direction[Fig. 5(c)], no side maxima is from x-ray reflectivity is most probably a consequence of
visible, but a broadened diffuse intensity is. From the fits onghe fact that the size of the AFM picture X% um?) is too
can extract that the correlation length transverse to the tessmall to obtain reasonable statistics for the evaluation of av-
races does not change significantly, meaning that the numberage length scales.
of terraces remains constant but their width is no longer The surface morphology of the relaxed sample No. 3 is
regular. Along the terrace direction the diffuse scattered inmodified, compared to sample No. 1. On the one hand, the
tensity has a similar shape, but is always more narrow, corsample still shows the typical anisotropic picture of a terrace
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FIG. 6. Atomic force microscopy measurement of the surface of
sample Nos. 1 and 3. THa10] direction is indicated.

surface, with a mean terrace width which has not changec
significantly. On the other hand, the terraces have change: |
their size and form: They end or are eventually bent when
they are close to a broader terrace. As a consequence, tt §
anisotropy is much smaller than for sample No. 1. With the
exception of the absolute values of the lateral correlation
lengths (which are again larger for the AFM measurement FIG. 7. Cross-sectional TEM images along {440 projection
than for the reflectivity experimentthe picture is again in of sample Nos. 2 and 4.
good agreement to the model of terraced interfaces with
wandering steps developed from the reflectivity data. sample No. 2. This result agrees very well with our HRXRD
The anisotropy of the surface morphology is also revealedneasurement, because, from the FWHM of the zero-order
if one takes the rms roughness values evaluated from lingatellite in theq, direction of 12 arcsec, we expect that
scans along thgl10] miscut(AM) and perpendicular to the sample No. 2 is still fully pseudomorphic.
[110]-miscut-direction(PM) into account. The correspond-  The image of sample No. 2 also allows us to compare the
ing values are listed in Table Il. It turns out that for the roughness of the ZnTe layer qualitatively with the roughness
sample Nos. 1, 2, and 3 the rms roughness in the AM direcef the Zng gTey» layer. It is evident that ZnTe roughens the
tion is always higher than that in the PM directi@approxi-  growth front, while ZnggsTe,, smooths it. Despite the
mately 7 and 4 A, respectively The roughness measured smoothing effects of Zn§Te, , the roughness of one ZnTe
within one step terrace is lower than the roughness detetayer is inherited by the following ZnTe layer. These two
mined perpendicular to the step edge. facts are in excellent agreement with the Bragg diffraction
Figures Ta) and 7b) show cross-sectional TEM images results, which suggest island formation of the ZnTe, and the
along the(110 projection of samples Nos. 2 and 4. The reflectivity results that show a roughness inheritance.
TEM image of sample No. 2 shows the GaAs buffer, fol-  The cross-section TEM of the relaxed sample No. 4 looks
lowed by the 20-nm-thick ZnSe layer. On top of the ZnSedifferent. The GaAs buffer and the following 20-nm ZnSe
layer, the ZnTe-Zn§gTe, , superlattice structure is visible. layer are similar to sample No. 2, but the perfect line pattern
Each superlattice period consists of a thin ZnTe layer whiclof a superlattice structure is disturbed. Though during the
is darker, and a ZngT e, , layer which is approximately two growth of the GaAs buffer and the following ZnSe layer no
times thicker and appears bright in the TEM image. Nodislocations are visible, many dislocations are created during
stacking faults and dislocations are visible in the image othe superlattice growth. A detailed analysis of the TEM pic-
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ture shows that these dislocations always start at &he lattice plane orientation. Reflectometry scans, that probe
ZnS gTey»/ZnTe interface, an observation that can be un-a region close to the origin of reciprocal space, give comple-
derstood from the fact that the critical thickness for ZnTe ismentary information and help to quantify the interface
much lower than that for ZnQTe,,, so that relaxation oc- roughness: The nearly perfect sample with the lowest period
curs first in the ZnTe. exhibits a pronounced structure of very regular terraces with
bunched steps, so that the interfaces are strongly anisotropic.
SUMMARY The roughness in the vertical direction is very low, and is
. ) ] ] inherited from layer to layer. With increasing period, one
In conclusion, we have applied high-resolution x-ray tech-gpserves an increase of the vertical roughness due to island
niques to investigate crystallinity and interface properties oformation and a decrease of the anisotropy due to step wan-
Zn$, gTey o/ZnTe strain-balanced superlattices as a functionyering. Direct imaging methods like AFM and TEM essen-
of their period. To gain a conclusive picture, it is necessaryially confirm these results, but do not give much additional
to probe the reciprocal space in different regions: Measuremformation. We think that our work underlines the useful-

ments around the004) Bragg peak alow conclusions on is- ness of x-ray scattering for the analysis of interfaces.
land formation and relaxation: For a superlattice period be-

Iow. 2 nm the layers and interfaces are nearly perfect. At ACKNOWLEDGMENTS
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