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Grazing incidence small-angle x-ray scattering study of buried and free-standing SiGe islands
in a SiGESi superlattice
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We present a method to interpret reciprocal-space maps recorded in grazing-incidence small-angle x-ray
scattering geometry to obtain the shape and the lateral correlation propeiig@seafislands. From the maps,
which have been recorded for various penetration depths, the autocorrelation function is calculated, from which
the island parameters are obtained by comparison with simulations based on the distorted-wave Born approxi-
mation. As a demonstration of the sensitivity of the method, measurements on self-organized SiGe islands in
a Si/SiGe multilayer have been performed. It was possible to detect different shapes of the islands at the sample
surface and those embedded in the multilayer. For a comparison with atomic force microscopy, we employ the
same method to analyze images of the islands at the top surface.

I. INTRODUCTION In this paper, we present an approach for the quantitative
interpretation of GISAXS data. Describing the scattering
The shape of quantum dots has considerable influence grocess in the framework of the distorted-wave Born

their electronic properties, and hence a variety of studies oapproximatiort? it is possible to obtain information on the
self-organized quantum dots addresses the determination ghape and the positional correlation of buried, as well as
their shape and its dependence on the growth conditiéns. free-standing, quantum dots. For this purpose, two-
For free-standing dots, atomic force microsca@y=M) is  dimensional reciprocal-space mafRSM'’s) are recorded in
widely used to obtain this information. However, for virtu- GjSaAXS geometry for various penetration depths, i.e., for
ally any structure in a practical application, the dots have 1Qarioys vertical momentum transfer values. From these

be overgrown. It is known that this often is accompanied by405  the autocorrelation spectra can be calculated, which
a considerable change of the size and shape of quantum dofg, gimyated using a short-range-order model of the dot po-

€.9., due.to interdiffusion and segregatf’o‘H.—!enqe methods sitions and different models of the shape of the quantum
are required that allow for the characterization fried dots

guantum dots. In addition to transmission electron micros-
. : - . " As a test for our method, we have performed GISAXS
copy (TEM), which yields “direct images” of the dots, but Eeasurements on SiGe islands embedded in a Si/SiGe super-

is limited to small sample areas and requires elaborate ~. 001)-ori 4Si. Onth ; fh |
sample preparation, x-ray scattering techniques have sutattice on(001)-oriented Si. On the top surface of the sample

cessfully been applied to the study of dots embedded in g dot Iayer with different parameters than those within the
matrix® " as well as dots fabricated by photolithography andSuperlattice was grown. From the measurements, we can
etching® clearly distinguish between the islands at the sample surface,
Several studies utilizing different scattering techniquesand those within the superlattice, demonstrating the sensitiv-
exist, e.g., Kegelet al. have performed grazing-incidence ity of our method. For the top layer, AFM investigations
diffraction (GID) investigations on the relaxation and inter- have been carried out, and the shape and correlation proper-
diffusion of free-standing InAs dots on GaA801).° Wie- ties of the dots are analyzed by the same method as the x-ray
bachet al. employed coplanar x-ray diffraction to study the data to allow for a direct comparison. It turned out that the
interdiffusion of SiGe islands on ®01).1° In these studies, sample is quite inhomogeneous laterally, so that the data
x-ray diffraction experiments that are sensitive to shapé  obtained from AFM at different spots on the sample are not
strain have been performed. In order to identify solely theequivalent, but the shape resolution is very good. With
shapeof buried dots, the scattered intensity around the originGISAXS, on the other hand, we obtain good average param-
of reciprocal space, i.e., th@®00) Bragg reflection, can be eters for dot shape and correlation, as here we integrate over
used. Schmidbaueet al!! have investigated semiquantita- much larger sample areas, and we can additionally obtain
tively the shape and lateral correlation of large free-standingnformation on theburied dot layers.
Ge islands on a #)01) surface using grazing-incidence  The paper is organized as follows: In Sec. Il the theoret-
small-angle x-ray scattering'® (GISAXS) and AFM. Raus- ical model is presented in detail. Section Il presents the
cher et al. investigated pyramidally shaped Ge islands onexperimental results; in Sec. Il B the GISAXS measure-
Si(111) using GID and GISAXS? GISAXS has also been ments are discussed, and Sec. Il C presents the AFM results
used in a semiquantitative study of buried, Si ,GgC, and gives a comparison of the x-ray data. Finally, Sec. IV
dots in a Sj_,_,GeC, multilayer® presents the conclusions.
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Il. THEORY the mth dot. From Eqs(3), (4), and (2) we obtain for the

Our description of x-ray scattering is based on distorted—d iffuse scattering cross section

wave Born approximatjdﬁ (DWBA). Within this approach, 5
the scAatt?ringApotentiaY c3f the sample is divided into two (3_") :K_2|A5|2|titf|2|QFT(q)|2G(q)’ (5)
partsV=V,+ Vg, whereV, describes the undisturbed sys- Ol gir 4T

tem (a semi-infinite Si substrate in our casmdVg accounts  whereA S is the contrast of the refractive indices of the dot
for the multilayer structure and for the dots. The differentialand its neighborhoodF'(q) is the Fourier transformation

cross section of the scattering process is givel? by of Q(r), and
do 1 N N IV
do ~ 152 KEPIVAER) + EPIVIE)D, - G<q>=<§ 2 e R R (®)

where the averaging) in Eq. (1) is performed over all ran- is the geometrical factor depending on the dot positians.

dom configurations of the dots in the multilay&f”) and = Ki—Ki is the complex scattering vector corrected to refrac-

: : : tion and absorption in the undisturbed system.
E(MY are two independent eigensolutions of the wave equa- . . .
IEF) P 9 q It is well known from several structural studies of SiGe

tion with the scattering potentiad; the latter one is time-  guantum dots in SiGe/Si superlattié€that the positions
inverted.|E(”)) is the incident vacuum wave corresponding of the dots are well correlated vertically. Since in a GISAXS
to |[E™), the vacuum wav¢E(”) corresponding t0E{") is  scan the angles of incidence and exit of the radiation with
the actual scattered wave. The vacuum wdEé%’) are as- respect to the sample surface are kept constant, the coeffi-

sumed to be plane waves with wave vect#rs and K, cient|t;t¢|? is constant, too, and the intensity of a GISAXS
respectively. scan is proportional to the quantity
In the semi-infinite substrate, the eigensolutitES) are
represented by the plane waves 1(Q),Q)=1271(Q),a,)°Gy(Q), (7
_ - where
|Ei(A)>:tie|ki»r, |E$A)>:t?’elkf o’ )

wheret; ¢ are the Fresnel transmittivities of the surface cor- Q=Ki=K;
responding to| Eff}’), andk; ¢ are the wave vectors of the is the scattering vector in vacuum and
transmitted wavesgcorrected to refraction at the surface and

to absorption in the substrate NN o (e x)
~ — —1Q- -
The disturbancé/ of the scattering potential consists of GQp={ X X e U n X ®

m=1n=1
two partsVg=Vpg g+ Vg qotsCOrresponding to the planar su-
perlattice structure and to the dots, respectively. In the fol
lowing, we restrict ourselves to nonspeculdiffuse) x-ray
scattering. Due to the lateral homogeneity of the sample, th

termsV,, \A/B,S,_, and(\A/B,dots) are translationally invariant
and contribute consequently only to the specular scatterin
Thus, the diffuse component of the differential scatterin
cross section is given by

is the lateral geometrical factor of the dot distributiokg, is
the random lateral position vector of tineth dot (the same

r all the dots in a vertical staglandN is the number of the

ots at the irradiated part of a single interface. The horizontal
components) andq of the scattering vector® andq are
£%qual, and the vertical componer@@s and g, differ due to
Yrefraction.

Let us introduce the conditional probability(x) per unit

area of finding a dot in lateral positionunder the condition

do 1 - that the origin(0,0) is occupied by another dot. Then the
_ - (A) (A)y[2 ’
(dw>d'ff— 1672 (KEF Ve aod Ei™)I- @ Jateral geometrical factor is
|
With the small-angle scattering potential Gi(Q)=N[1+w T (Q)], 9

N ) wherew"T is the Fourier transformation of. For a large dot
V(r)=2K=s(r), distance

whereK=2m/\ is the wave-vector length in vacuuri(r)
=1-n(r), andn(r) is the local x-ray refraction index in the lim w(x)= Ezno
sample, the dot compone¥Xt 4o Of the scattering potential X0 S

can be expressed as holds (S is the irradiated sample surface area aigds the

two-dimensional density of the dotdf we denote
Vg g0i= 2K?A 52 Q(r=Rp), 4
m pP(X)=w(x)—ng
using the mean shape function of a single fqtr) (unity  as the pair-correlation function of the dot positions, we ob-
inside the dot, zero outsigland the random positioR,, of  tain for the scattered intensity
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1(Q,Q,)=1Q71(Q.,a)[2Snp[ 1+ pFT(Q)) + 47N 8(Q)) 1. |E)
(10 '
The last term of the right-hand side of this expression repre-
sents an infinitely narrow peak that contributes only to the
coherently scattered intensity, and therefore it can be ne-
glected in the expression for the intensity of diffuse scatter-
Ing. . . . FIG. 1. Sketch of the undisturbed wave fields.
The aim of a GISAXS study is to determine both the
shape of the dots and their distribution at the interfaces. As ) Ktk iKe
was shown previoush? the dot shape can be distinguished [EYY)=eririemy,
from the correlation of the dot positions performing an in-
verse two-dimensional Fourier transform of the GISAXS in-where K;z and K;z are the wave vectors of the reflected
tensity profile waves belonging t&; andK;, respectively, and, ; are the
Fresnel reflection coefficients corresponding to the waves

1 . Ki¢. The undisturbed wave fields are sketched in Fig. 1.
J(x;,Q,)= —zf dZQHI(QH ,Q,)e' %, 11 Repeating the procedure leading to E(K))—(13) we find
4m that, in these formulas, the functi¢®""(Qy,q,)|? must be
Inserting from Eq(10) we obtain after some algebra replaced by
J(X%Q)=Sn[P(x;q) +p(x)@D(x;d)], (12 W(Q,Q,)=10F1(Q,Q)+rr2F(Q,~Q,)

where +rQF1(Q ,62)+erFT(QH,—6z)|21

1 .
D(x;0,)= 4—772J dZQH|QFT(Q|| q,)[%e' A (13 Q,=K;,—K 6 =K +K (14)
z— Nz iz z7 Mz iz

and ® means the convolution. Since the dots do not inter- . . . .
sect, the pair-correlation function for smét| equals—n, The four terms in the right-hand side of E@.4) describe

and thus the second term on the right-hand side of(E2). four possible processes that take place at the surface. For

yields a constant contribution ti(x;q,) for small|x|. Then, mstance., the th_|rd term gives the amplitude of the following
this contribution does not depend anand it can be esti- process: reflection of the incident wave on the surface of the

undisturbed system and subsequent scattering of the reflected
mated to 2 .
wave by a dot? The processes are presented by scattering
vectors with differenz components; the total scattering am-
plitude is a coherent sum of the contributions of individual

where® is the coverage of the interface by the datss the ~ ProCesses.

dot volume anch. is an effective dot height depending on

the shape of the dot. Therefore, for smalber, the shape of

the functionJ depends only on the dot shape and not on the

correlation of the dot positions. A. Sample growth
For larger|x|, the first term in Eq.(12) is zero. If we

assume that the dot distance is much larger than the laterg)

dot size, the convolution in Eq12) can be replaced by a

simple product

Ip(X)@P(X;0,)| <OV hg,

IIl. EXPERIMENTAL RESULTS

The investigated Si/SiGe multilayer sample was grown by
lid-source molecular beam epitaxy ori0®1) Si substrate
with a miscut of 2° along an azimuth 1.8° off tH601]
direction. 20 periods consisting of a nominally 2.5 nm thick
Si;_,Ge, layer (Xge=0.45) and a 10 nm thick Si spacer

x) | d2x ®(x:q,) = const< p(x): layer were deposited at a substrate temperature of 550°C. On
Pl )f (x:q,) P() top of the last Si spacer layer five monolayers of pure Ge
. . . were deposited at 500°€.Under these growth conditions,
thus, for largerx|, the functionJ(x) is proportional to the the miscut-induced surface steps form so-called step

pair correlation functiorp(x). buncheg?-?j.e., ripples with a preferential size are formed

If the dots lie at the free sample surface, the above theo: : . —
retical description of the scattering has to be changed. In thigt the gr_owth surface, \.Nh'Ch are agcompamed by_stram fields
case. the matrix element influencing the nucleation Qf SiGe islands. I_t was intended to

’ use these step bunches in order to obtain a more regular

. island arrangement and hence a narrower distribution of the
(E™ Vg 4od E?) island size<®
From high-resolution x-ray diffraction experiments it is
dent that Ge-rich islands form within the multilayer.
Cross-sectional transmission electron microscopy shows a
rippled surface with a lateral period of about 120 nm and a

[E®)=eKiT+riekirT, height modulation of about 1.5 nm.

contains the undisturbed wave fields above the sample SULvi
face,
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FIG. 2. Sketch of the GISAXS geometry.
0.01
B. GISAXS measurements

N
The GISAXS experiments were carried out at the Té
TROIKA 1l undulator beam line at the ESRF, Grenoble, us- -
ing an x-ray wavelength ok =0.15545 nm. The diffusely it
scattered intensity from the islands was measured by a ™~
position-sensitive detecto(PSD oriented parallel to the
sample surface. During a GISAXS scan the incidence and
exit anglesa; ; of the primary and the scattered beam were -0.01
kept constant and the scattered intensity has been measuret
as a function of the in-plane angje(see Fig. 2. The angles -
a; ¢ were chosen so that the scan trajectory in reciprocal
space passed the coherent truncation rod in a very small dis-
tanceQ,=5.1x103 nm™ %, in order to exclude the specular
intensity peak from the measurements. Series of GISAXS
scans were recorded for differemt (i.e., for differentQ,'s)
and for azimuthal positions of the sample ranging from 0° to 0.01
180°, in steps of 5°. From the scans measured at a gdsen oy
we constructed a two-dimensional intensity distribution in TE
the Q,-Q, plane. The resulting in-plane reciprocal-space _&
maps are shown in Fig. 3. Performing the numerical two- < 0.00
N’
Q

dimensional Fourier transformations of these distributions
after Eq.(11), we obtained the function3(x;Q,) shown in
Fig. 4.

For small|x|] we have compared the values dfwith a -0.01 —
simple model assuming that the dots have the shape of an
upper half of an ellipsoid. From the fit of functiahto that
model we determined the lateral half-axes of the ellipsoid
andb (a>h), the vertical half-axisc (the dot height and
the azimuthal angler of the longer axis of the ellipsoid with -0.01 0.00 0.01
respect to th¢110] direction. The quality of the fits can be 1 -
judged from Figs. &),(b), where we have plotted radial cuts 0, (10 'nm")
from the two-dimensional distributions dfshown in Fig. 4
in the azimuthal directiongy=45° and 135° with respect to
[110] (indicated by the arrows in Fig.)4along with their
theoretical fits. The azimuthal direction of the miscut was
Dmiscur=133°. about 1um (see Table)l For the smalles@, value, i.e., the

As follows from Table I, the values af, b, andc depend  smallest information deptiA, only the topmost dot layer is
on Q,. This fact can be ascribed to the dependence of thprobed by the x rays, and consequently the obtained param-
x-ray information depthA on Q,, which is defined as\ eters are those of the islands of the surface. With increasing
=1/Im(q,). The information depth ranges from 10 nm to A we obtain parameters of the dot shape that represent an

FIG. 3. In-plane intensity distributions measured in GISAXS
geometry for three different information depths
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FIG. 4. The function)(x,y;Q,) obtained from the GISAXS data
for three different information depths.
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FIG. 5. (a,p Measured(pointg values ofJ in the region for
smallr for two different azimuthal directiong and three different
information depthsA and their fits using the model of ellipsoidal
dots (thin lines. (c,d) For larger the experimental data fod
(circles have been fitted using the short-range-order model of the
dot arrangemendines).

of a andb were found to be similar, so that the azimuthal
anglea of the axisa could not be determined with sufficient
accuracy.

The pair-correlation function of the dot positions was ob-
tained from the radial cuts affor larger|x|. We have com-
pared these cuts with the one-dimensional pair-correlation
function assuming a short-range-order model of the dot
distributior?’

§Q) ) 15

1-4Q)

whereé(Q) is the characteristic function of the random dis-
tribution of the distancek of neighboring dots:

pr(Q)=2 Re(

£Q)=(e ).

In the simulation we have assumedl @istribution of the dot
distances. From the fits of the experimental cuts to the theory
shown in Figs. &),(d), we have determined the mean dot
distance(L) and the ordem of the I" distribution as func-

TABLE I. The parameters of the dot shapes following from the
GISAXS and AFM measurements.

Re@,) (hmY) A (nm) a (nm) b (nm) c (nm) « (deg)

AFM 1 352 28+t2 4.0-2.0 40+10
average over all dot layers weighted by the actual x-ray in- AFM 2 314 29+5 5.4+2.0 40:10
tensities inside the sample. 0.64 10 3&6 366 4504
The measurement with the smalléstvas analyzed using 0.92 600 3532 23+2 26+0.1 51+6
Eq. (14), since, in this case, the information depth is smaller 1.15 900 202  20+2 23+0.2 48-20

than the superlattice period. In this measurement, the values
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TABLE Il. Mean distancegL) of the dots and the orden of
their I" distribution determined from the GISAXS and AFM data in
various azimuthal directions.

A (nm) ¢ (deg) (L) (nm) m
AFM 1 45 102+ 2 22
AFM 1 135 1085 48
AFM 2 45 11510 10
AFM 2 135 100+ 10 13
GISAXS A =10 nm
600 nm 45 1285 5
600 nm 135 1015 10
900 nm 45 1285 9
900 nm 135 105 14

tions of the azimuthal anglé. The results are listed in Table
[I. The functionJ obtained from the GISAXS scans with the
smallestA exhibits no lateral maxima, so that the determi- 02
nation of(L) andm was not possible. Likely, the number of
the irradiated interfaces, and consequently, the number is- 0.1
lands, is too small in this case, so that the wave scattered
from the dots is weak and may be blurred by, e.g., scattering
from surface roughness with larger lateral correlation length.
From the table, the tendency of decreaserofowards the
free surface is obvious. However, this is probably an artifact
due to the increase of the influence of the surface roughness
scattering with decreasing that smears out the modulation

of J.

From the data shown in Table Il it follows that the dots
are arranged approximately in a square array al¢tep)
directions; however, the dispersion of the dot distances in the
[100] direction parallel to the miscut is smaller than that
perpendicular to the miscut direction due to the step bunch-
ing during growth of the multilaye?™?® The positions of the
dots obey the short-range-order model very well.

g 0.0
>~

C. Comparison with AFM

AFM pictures taken at different position of the sample
surface are shown in Fig. 6. In the upper panel, regions with
rather round dots with a good lateral correlatimpper left
rectangle exist, besides regions where the dots are rather
randomly distributedright rectangleé Furthermore, regions
where the dots are aligned in “chains” along the step
bunches are visible, but those chains are not always straight
but do end or are beritower left rectanglg The lower two
panels in Fig. 6 show two AFM images on a smaller scale
that have been used for the statistical evaluation of the is-
land’s shape and arrangement. “AFM 1" shows round is-
lands, and those in “AFM 2" are clearly elongated. Also the x (pm)
dot positions appear less regular in the second panel as com-
pared to the first one. The reason for this anisotropy lies in . .
the fact that the island positions and sizes are influenced b, FIG. 6. AFM images of the sample surface, recorded at different

. L ypots. The upper panel shows an overview, with different regions
the step-bunching pattern, which is not completely regma.rwith regular island arrangemefpper left rectangleand almost

The lateral ordgrlng of islands on StEp'bunc_hed samples I¥andom island arrangemefright rectanglg and regions where the

however, superior to those grown on nonvicinal substrates.qqs are aligned in chains along step bunches, which are, however,
The AFM data can be analyzed in a way very similar tonot straight throughout the imagtower left rectangle The lower

the analysis of the GISAXS data shown in the previous paragyo panels show two AFM images on a smaller scale that have been

graph. If the scanned sample surface is large enough, theed for a statistical analysis of the island shape and arrangement.
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FIG. 8. (a,b In the region of smalf, cuts through the autocor-
relation functionJ(r;0) (pointg for two different azimuthsp have
been fitted using an ellipsoidal dot moded,d) For larger, J(r;0)
was fitted assuming a short-range-order distribution of the dot po-
sitions.

tional probabilityw(x) instead of the pair-correlation func-
tion p(x). Repeating the same considerations as in the pre-
vious paragraph we find that

02 01 00 01 02 J(%;0)~Sny®(x;0)
X (um) for small |x| and

J(x;0)=~consX w(x)
FIG. 7. Autocorrelation functiod(x;0) obtained from the mea-

sured AFM data. for Iarger|x|.. _ o o
We have fitted radial cuts in different azimutfisdicated

by the arrows in Fig. Ythrough the autocorrelation function
for small|x| using the same ellipsoidal dot shape model as
for the analysis of the GISAXS data. The fits are plotted in
Figs. §a),(b); the obtained parameters are given in Table I.
_ The vertical half-axisc of the ellipsoidal dot shape can be
|(Q||,0):f d*>xz(x)e™'U*=]QFT(Q),0)1°Gy(Q)). determined from the autocorrelation functidrof the AFM

(16) data only with larger error. In contrast to GISAXS, the shape
of J normalized to the maximum valu¥0;0) does not de-
pend onc at all and we have determined its value from the
difference J(0;0)—J(e0;0). Within the ellipsoidal shape
model the following relation holds:

Fourier transformation of the AFM signal(x) can be ex-
pressed as an “intensity” distribution in reciprocal space
similarly to Eq.(7):

Performing the inverse Fourier transformationl ¢®;,0) we
obtain the autocorrelation function of the surface

1 : 1
J(x;0)= _zf d’Qy1(Q),0)e' % lim [J(0;0)—J(x;0)]~ 5 S¢O.
47 X0 2
=Sn[P(x;0)+w(x)®P(x;0)] (17 An exact determination of the mean covera@efrom the
AFM picture is complicated by the fact that the bottom level
shown in Fig. 7. This function is equivalent to the functibn of the surface between the dots is not well defined. If we
defined in Eq.(11) for GISAXS andq,=0. In contrast to determine® using the levelz=z,,/2, we obtain®~0.1,
x-ray scattering data, we did not delete thdike peak in  which yieldsc=4.0 nm.
1(Q,0) in the calculation of the Fourier transformatidand For larger|x| we have compared the cuts of the autocor-
thus we obtained the expression fbrontaining the condi- relation function with the pair-correlation function following
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from the short-range-order modél5) [see Figs. &),(d)]  order of several mA) the GISAXS results represent a statis-
and we determined the mean dot distandgsas well as the  tical average over a large number of dots. Additionally,
orderm of theI" distribution ofL (Table 1) and the values GISAXS scans for sufficiently small information depth give
are comparable to the GISAXS results. information solely on the top layer of unburied Ge islands.
The obtained parameters reflect in a more quantitative The same approach can be used to analyze AFM images
way the lateral inhomogeneity of the sample. There is a rean a statistical way. AFM and GISAXS are in some sense
sonable correspondence of the shape parameters with thosemplementary methods for samples with self-organized is-
obtained from the GISAXS data for the smallest informationjands and step bunches, which usually exhibit lateral inho-
depth, but the results do not perfectly coincide. This demonmogeneities. While AFM gives a direct image of the islands
strates the different statistical probes of AFM and GISAXS.and has a good resolution for determining the island shape, it
While the latter method gives better average values, thés difficult to obtain parameters with sufficient statistics to
shaperesolution of AFM is better in the size range of the represent the whole sample. For this task the nonlocal

SiGe islands of the investigated sample. GISAXS method is ideally suited. On the other hand, the
type of lateral inhomogeneity cannot be easily extracted
IV. CONCLUSIONS from GISAXS data, but it is obvious from AFM images. The

shape and correlation blrieddot layers are inaccessible by

l.n conclursti)onl, éve Za\f’e demo(rjl_st_ralted dthat GtI)SAXS EX°AFM, but it seems reasonable to assume that the general type
periments orburied and iree-standingslands can be quan- ¢ qctyations is similar to those on the sample surface.
titatively interpreted using a theoretical model based on the

distorted-wave Born approximation. The experiments require
the use of synchrotron radiation at undulator beam lines, and
for their quantitative interpretation the recording of two-
dimensional reciprocal-space maps in GISAXS geometry is This work was supported by the FWF, the BMWV, and
needed. From these maps, autocorrelation spectra can be cdle GMe, Vienna, and by the Grant Agency of the Czech
culated, which were simulated using a short-range-ordeRepublic(No. 202/00/035% The experiments were carried
model of the dot positions and different models of the shape@ut at the TROKA Il beamline of the ESRF, Grenoble,
of the quantum dots. From the fits to the experimental data-rance. We thank D. Smilgies for his most valuable help
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