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DifFuse-x-ray-scattering measurements of roughness on ion-etched multilayer interfaces
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The effect of ion etching on the interface morphologies of Mo/Si multilayers is investigated via mea-
surements of small-angle diffuse scattering. A comparison is made between two electron-beam-deposited
multilayers composed of ten Mo/Si double layers, one with each surface ion etched after deposition. It
is observed that ion etching preferentially reduces the short-length-scale interfacial roughness. The
non-ion-etched sample exhibits a nearly constant diffusely scattered intensity as a function of in-plane
momentum transfer (q„) over the measurable q, range. Thus, roughness contributions from very small
length scales are dominant. In contrast, the ion-etched sample produces an exponential decay in the
diffuse intensity as a function of q, which is quantitatively inconsistent with predicted line shapes of ex-
isting models describing the effect of ion etching on surface morphology. The data is fit by a model that
includes an algebraic decay of the real-space height-height correlations. Possible causes for the
discrepancy between data and theory are discussed.

I. INTRODUCTION

Multilayers are one-dimensional synthetic structures,
consisting of a number of alternating layers. They find a
wide range of (x-ray) optical, mechanical, magnetic, or
electrical applications. In most of the applications, the
quality of the multilayer is determined by the nature of
the interfaces. More specifically, the width of the inter-
face, resulting from interdiffusion or from roughness, and
the in-plane sizes of the deviations from the average in-
terface are the main characteristics of a nonideal inter-
face.

The multilayers that we have studied were specifically
designed for the reAection of soft x rays. ' The reAection
of x rays by multilayers is based on the constructive in-
terference of the x rays (weakly) refiected by each of the
interfaces. The Bragg formula gives the condition for
constructive interference for a given multilayer period,
wavelength, and angle. For this application it means that
the period of the multilayers is of the order of the soft-x-
ray wavelength, being several nm.

In previous experiments it has been shown that
rough surfaces can be smoothed significantly by ion etch-
ing. The essential step of this process, when making mul-
tilayers, is that an excess layer of material is removed by
ion sputtering, during which surface roughness can be re-
duced. This results in higher x-ray reAectivities. Since
we have separate steps of growth and ion etching, we can
disentangle the effects on surface morphology of growth
and low-energy ion impact, which occur simultaneously
in the widely used techniques of ion beam assisted deposi-
tion and sputter deposition. Besides, low-energy ion im-
pact is also one of the processes that occur during reac-
tive ion etching and surface cleaning. As the exact mech-
anism of the ion etching process is still unresolved, this
paper is mainly concerned with the in plane length scales
of the roughness of multilayer interfaces grown with and
without ion etching. These we will describe, as is usually

done, in terms of a two point height-height correlation
function. This function can be defined in real space as a
function of in-plane lengths or in reciprocal space as a
function of in-plane spatial frequencies, and the two are
connected by a straight Fourier transform.

There has been extensive theoretical research on the
development of microscopic surface morphology during
growth of thin films (see, for instance, Refs. 6—8) and
multilayers ' and a significantly smaller number of pa-
pers on the effects of ion-beam erosion. " From the
numerous measurements of surface morphologies, using a
host of techniques such as x-ray and electron reAectivity,
scanning probe microscopy (STM and AFM), ellip-
sometry, and electron microscopy, the papers most close-
ly related to our present study include a number of x-ray
reAectivity studies on multilayers' ' ' and ion etched
Si02 surfaces, as well as an STM study of ion-etched
graphite. '

X-ray reAectivity is one of the techniques that can
probe the length scales of interest in the problem of sur-
face roughness. In many areas of materials research, on
both solids' ' and liquids, ' ' diffuse x-ray scattering
has also been used to gain insight into the lateral distribu-
tion of surface undulations. The technique has the ad-
vantage that it is nondestructive, that it can probe rela-
tively large sample areas (of the order of a few mm ), and
that all interfaces can be probed simultaneously. The
latter property of x-ray scattering makes it sensitive to
correlations between roughness at different interfaces, but
it also complicates the extraction of detailed information
on specific interfaces of a multilayer. Furthermore, the
information obtained is in reciprocal space, not real
space.

In this paper, we report on diffuse x-ray-scattering
measurements made on Mo/Si multilayers, prepared with
and without ion etching. We will first describe sample
preparation and the optimization of the reAectivity setup
to measure the properties of interest. After defining the
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method of analysis, the incompatibility of our data with
existing models will be demonstrated. We will suggest an
alternative height-height correlation function, which al-
lows us to fit the data. We will also show how we can use
the data to split the total interfacial width into a scatter-
ing (rough) and nonscattering (intermixed) part. In the
discussion, various causes for the discrepancy between
data and theory are considered.

II. EXPERIMENT

A. Sample deposition

The multilayers were deposited on 10X25-mm sub-
strates, cut from Si (111) wafers from which we did not
remove the native oxide layers. We used an UHV (base
pressure 10 Pa) electron-beam evaporation system.
All layers were deposited at a rate of 0.01 nm/s. Since we
did not heat or cool the substrates during deposition the
estimated substrate temperature during Mo deposition
(350 K) was slightly higher than during Si deposition (300
K). For ion-beam etching, we used a Kaufman source
with a 3-cm beam diameter. The 300-eV Kr+ ions were
incident at an angle of 45 with the surface normal, with a
flux of 10' ions/cm sec. The excess layer thickness re-
moved from each of the layers after deposition was 1.3
nm, corresponding to a Iluence of 1.2X10' ions/cm .
The layer thicknesses during deposition and ion etching
were controlled by in situ soft-x-ray refIectivity. For
these multilayers the soft-x-ray line used was C-Ko;, with
a wavelength A, =4.47 nm. Given the grazing angle of in-
cidence of 25 and the optical constants of the materials
deposited, the Bragg relation gives an interference period
in the measured reAectivity signal of about 6 nm. Each of
the multilayers used in the x-ray-scattering experiments
consisted of 10 periods of Mo and Si layers, covered with
a 6-nm Si layer to exclude atmospheric inAuences on the
actual multilayer itself.

B. X-ray-scattering setup

The x-ray generator is an Enraf-Nonius GX-21, operat-
ed at 8 kW maximum power. In the scattering
configuration described below, we obtain a main beam of
8.4X10 photons/sec incident on the sample. The sam-
ple was enclosed in an evacuated cell to reduce nonsam-
ple background scattering to near dark-count levels of
=0.05 counts/sec. This allowed a dynamic range of
nearly ten orders of magnitude in the measured intensity,
enabling us to probe very small in-plane length scales.

Details of the scattering configuration are described
elsewhere. ' In brief, it employs a bent graphite mono-
chromator which focuses the beam in the out-of-plane
direction onto the sample. Although both Cu-La, and
Cu-Ka2 lines are selected with this monochromator, the
moderate resolution obtained is dominated by the angular
beam divergence. The incident in-plane beam diver-
gence, Aa, is defined by a slit set between the monochro-
mator and the sample, while slits immediately before a
scintillation detector define the in-plane detector accep-
tance, b,/3. Out of the scattering plane, all slits are left
wide open. Thus, we effectively integrate the intensity in
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FIG. 1. (a) Specular intensity (+) and off-specular ( X ) inten-
sity at offset angle co=0.15 from as-deposited sample. (b) Spec-
ular intensity {+)and off-specular intensity [at co=0.15' ( X )

and co= 1.5' {~ )] from an ion-etched sample. Symbols represent
measured intensities, solid lines represent fits. For clarity oft-
specular scans have been shifted.

this direction. For this work, b,a=A@=0.08' full width
at half maximum. Such symmetric resolution is advanta-
geous for diffuse scattering measurements, as opposed to
the usual case where the emphasis is on the measurement
of the specular signal and typically b,a ((b,P. In this pa-
per, fitted models include a convolution with resolution.

The beam size at the sample was approximately 0.2 X 3
mm, while the samples themselves were 25X10 mm .
Thus, overfilling of the sample occurred for incident an-
gles a (0.5'. In addition, when the detector angle P &)a
and a small, the signal may also be reduced if the beam
footprint on the sample is larger than the sample area
visible by the detector. This latter efFect is one possible
cause of asymmetry in transverse sample rocking scans.
Both of these geometrical effects have been corrected for
in the data shown.

III. RESULTS

In the experiments described, we have taken three
types of scans: Specular reAectivity scans, in which the
grazing angle of incidence o. of the x rays is equal to the
outgoing angle P, off-specular scans where the sample is
offset from the specular condition by a small angle co,
such that co=(P—a)/2, and the transverse scans, where
co is varied, but the total scattering angle a+P is kept
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All transverse scans shown have been footprint and
background corrected, and have also been corrected for
the changing coherence length of the beam on the sample
during the scan (I/sina correction). Background levels
were calculated from points at which a ~ 0 or P ~ 0. Data
around several orders of Bragg peaks are shown in Fig. 2.

IV. THEORY
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To analyze our data, we split the calculated intensity
into a specular and a diffuse part. To fit the specular sig-
nal, we use the recursive dynamical method of Parratt.
To analyze the diffuse part of the x-ray scattering, we
make use of the formalism developed by Sinha et al. '

They have shown that in the first Born approximation for
a single surface the scattering cross section per Unit area
surface is given by
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FIG. 2. (a) Transverse scan intensities from as-deposited
sample at q, =0.66 A (+) and q, =0.76 A (X }. The sharp
drop in intensity at the critical angle shows that the data is far
above background. The inset shows strong dynamical peaks in

o
a transverse scan at q, =0.23 A . (b) Transverse scan intensi-
ties from an ion-etched sample at q, =0.49 (~}, 0.59 (0), 0.69
(+ ), and 0.79 ( ) A . For clarity the lowest curve has been
shifted and points beyond the critical angle have been removed.
Symbols represent measured intensities, solid lines represent fits
using the model explained in the text.

fixed. If the wave vector k, with ~k~ =2~/A, , and the
wave-vector transfer q =k,„,—k;„are defined, one can
derive the reciprocal space equivalent of these scans. The
spatial coordinates are chosen such that the surface nor-
mal is along z, and, thus, specular scans probe only in the
q, direction, i.e., perpendicular to the interfaces. From
these scans, we extract the spacing of the interfaces and
the total interfacial widths. Off-specular scans probe in
both q, and q (in-plane) directions, and are used to mea-
sure the degree of conformality of roughness at different
interfaces. Transverse scans mainly probe along the q,
i.e., in-plane direction (for a+P small) and, therefore,
yield the information of most interest to this experiment.
In the next section, we will show how transverse scans
are connected to the interfacial correlation function that
we are interested in.

All x-ray-scattering measurements shown have been
normalized to the incident-beam intensity. The true
specular signal has been obtained by subtracting the off-
specular scan (offset angle co=0. 15') from the raw specu-
lar signal. In this way, the diffuse contribution at qx =0
is almost completely removed. Figure 1 shows specular
and off-specular scans for both samples.

where the integral is over the coherence area of the beam
on the sample. The term hp gives the change in electron
density at the interface, and r, is the classical electron ra-
dius. With u (x,y) the height of the interface at an arbi-
trary in-plane position (x,y), a height-height correlation
function has been defined as C(x,y)=(u(x, y)u(0, 0)),
the brackets denoting a statistical average over the whole
surface, where C(0,0)=o.„. The total interfacial width is
given by this roughness contribution o.„and by an inter-
mixing contribution o. . Because both contributions are
assumed to be independent Gaussian random variables,
the total width o. , is found by addition in quadrature of
the contributing widths, i.e., o., =o., +o. . The inter-
mixing can be assumed to be uncorrelated, or zero length
scale roughness. It will not cause diffuse scattering, but it
will lower the specular intensity which is sensitive to the
total interfacial width.

Corrected for geometrical factors as beam width, sam-
ple area and slit sizes, and convolved with the resolution
function at fixed q„S(q) is proportional to the measured
intensity as a function of qx.

One can extend the derivation to the case of scattering
from multilayers and account for refraction and absorp-
tion by calculating the complex scattering vectors inside
the multilayers. Then, if one also explicitly integrates
over one in-plane direction in q, let us say q, to account
for the fact that the detector slit is wide open in that
direction, ' one can find for the diffuse part of S(q):

Sd;s.(q )=f" Sd;s(q)dq

N 1V'

r, hp, .b,p,
i =1 j=1 q

2

C (x)
X f dx(e ' " —1)e

where the double sum runs over all N interfaces, each
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with a certain width o, The term d;. denotes the dis-
tance between the average position of the interfaces i and
j. Note that the specular part of the scattering has been
explicitly subtracted out. The correlation function C(x),
assuming isotropic interfaces, now has been defined to in-
clude correlations in as well as across interfaces:
C;J(x)=(u;(x)uj(0)). If such cross-correlations exist,
i.e. , if C; (x) is nonzero for some i', then the exponen-
tial term with q, d; as the phase gives the interference be-
tween diffusely scattered amplitudes. Such interference
gives rise to Bragg peaks in the diffuse intensity, ' mea-
sured as a function of q, .

It can be seen that Sd;fr(q„) for q, o„«1 is directly
proportional to the Fourier transform of the interfacial
correlation function. ' However, at Bragg angles close
to the critical angle for total reAection, these multilayers
are very strong scatterers. This means that for toe
analysis of transverse scans at low q„such as shown in
the inset of Fig. 2(a), a dynamical theory is needed. This
type of theory was also developed by Sinha et al. for a
single interface and extended to the case of multilayers in
a recent paper by Holy et al. It essentially involves a
dynamical calculation of the total electric field at each of
the interfaces, with those values as prefactors to the in-
tegral in Eq. (2). When the incident or exit angles equal a
lower order Bragg angle, the electric fields of incoming
and outgoing waves have similar amplitudes and add in
phase, and the total electric field, and, thus, the diffuse in-
tensity, is enhanced. For multilayers one can then ob-
serve so-called "quasi-Bragg" peaks' ' in the diffusely
scattered intensity, as a function of q„. It may be impor-
tant to note that these peaks, which are a result of the
enhanced electric field in the multilayer, are not the same
as the peaks that result from the correlations in rough-
ness between different interfaces, mentioned in the previ-
ous paragraph.

However, as the measurement in the inset in Fig. 2(a)
shows, the quasi-Bragg peaks can become more than a
factor of 10 stronger than the diffuse scattering intensity
at values of q„around them, and existing theory underes-
timates the scattered intensity. Still, in transverse scans
at large q, the dynamical peaks are weak, and we can an-
alyze these scans using Eq. (2).

V. ANALYSIS

A. As-deposited sample

The specular measurements in Fig. 1 show interference
features which broaden with increasing q, . This is an in-
dication of a decreasing number of interfaces that can
effectively contribute to the interference, which in turn is
caused by an increasing interfacial roughness from sub-
strate to surface. In a recent paper, we give a detailed
study and discussion of the development of o., as a func-
tion of layer thickness. There we found that our best fit
to the specular measurement was achieved using an inter-
facial width ranging from 4 A at the substrate up to 9 A
at the top surface.

In the off-specular measurement, at co=0. 15, we can
see a weak reproduction of all peaks in the specular scan.

This indicates some degree of conformality, as we saw in
Sec. IV. Furthermore, the transverse scans taken at
peaks up to q, =0.76 A ' are virtually constant, whereas
a loss of conformality at shorter length scales would show
up as a decaying intensity at larger q„values in these
scans. From this, we conclude that conformality, i.e., the
off-diagonal correlation function, must be constant down
to at least the in-plane lengths probed in those scans (60
A).

The transverse scans at high q, values all show an al-
most constant intensity vs q„[Fig. 2(a)j. Apart from the
conformality mentioned in the previous paragraph, we
also conclude from this that the diffuse scattering from
single interfacial, i.e., on-diagonal correlation functions
must be constant in q . This means that any model for
the interfacial correlation function that can give a cutoff
in reciprocal space, as formulated in a general scaling
theory of Kardar et a/. will do, as long as that cutoff lies
beyond our measured q range. In real space, this means
that height-height correlations vanish very rapidly, that
is, within a maximum cutoff length of 60 A.

Physically, the result may be understood in terms of
very low surface mobility of the atoms for this deposition
rate and temperature. This leads to a minimal smoothing
of the roughness introduced by the white noise in the
deposition rate. In fact, it is the noise term that makes
the interfacial width grow proportional to the square root
of the multilayer thicknesses, ' ' in the absence of relax-
ing mechanisms.

B. Ion-etched sample

The specular measurement from the ion-etched sample
indicates that its interfacial width is smaller than that of
the as deposited sample. In an earlier paper, we found
the fit parameters o., =4 and 5.5 A for the Si-on-Mo and
Mo-on-Si interfaces, respectively. This asymmetry in in-
terfacial width was found by many authors using several
deposition techniques ' and also in molecular-dynamics
simulations. It is attributed to a difference in intermix-
ing for the two interfaces.

The off-specular scans (Fig. 1), taken at offset angles of
0.15' and 1.5', for this sample show a clear reproduction
of all the interference structures that are visible in the
specular scan, without measurable broadening. This
means' ' that conformality of the roughness between all
interfaces is nearly complete, down to in-plane length
scales of less than 200 A. Because both samples have a
constant off-diagonal correlation function, we will use a
single correlation function C(x), with C;~(x)
=yo„;o„,C(x) fo.r each sample to describe each of the
multilayer interfaces. By definition C(0) is normalized to
unity. The constant y is simply a scaling factor giving
the strength of the conformality, and, therefore, of the
diffuse scattering level. It does not, however, affect the
shape of the correlation function, which is what we are
interested in.

The transverse scans at high q, from this sample, Fig.
2(b), show a clear difference in line shape with the scans
taken from the as-deposited samples. Qualitatively, one
can see that the shorter length scale (large q„) roughness
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is removed more strongly than the long length scale
roughness. Remarkably, there is no observable cutoff to
the roughness correlations, which means that if such a

0
cutoff exists, it must be larger than 6000 A.

A striking feature of all transverse scans from this sam-
ple is the exponential decay with q„of the intensity,
which is proportional to Sd;s(q„) in Eq. (2). To the best
of our knowledge this is the first report of such a line
shape, which can be seen to extend over a very large
range of q values. Such a shape is inconsistent with ex-
isting models describing ion-etched surfaces. '" These
predict a power-law decay as a function of q„, beyond a
certain cutoff value. With these models clearly one can
never fit the unambiguous data set presented here.

It should be noted that the diffuse intensity measured
from this multilayer is different from that of the bare sub-
strate [oxide covered Si (111)]. It has been shown that
the diffusely scattered intensity measured from Si wafers
is fitted very well by a power-law function. ' Another
point to be made is that in transverse scans at large q„
there is a small deviation from the pure exponential form,
for large q . We attribute this to a constant, multilayer
induced background signal of 10 . We assume that it is
caused by amorphous "bulk" scattering ' from the lay-
ers, as opposed to interface scattering, which above this
10 background is the dominant effect. In the scans
shown this background has been subtracted.

Even though existing models do not predict the line
shape correctly, it is relatively easy to find a correlation
function that gives a simple exponential decay of Sz;s(q )

as a function of q„. Given Eq. (2) and the fact that the
Fourier transform of a Lorentzian yields an exponential
function, our simplest choice is the following correlation
function:

C(x)= 1

I+(x/g)
(3)

Without claiming that this is the only function that could
reproduce the data, we see that this type of correlation
function corresponds to the qualitative interpretation
given above. Since the r.m.s. roughness o „ is reduced by
the ion etching, the characteristic length g determines the
shorter length scale at which roughness is reduced more
strongly.

Although we cannot calculate the Fourier integral in
Eq. (2) analytically with the correlation function of Eq.
(3), we can make a finite order expansion of the exponen-
tial in the integral, and then integrate each term analyti-
cally. If we set o.„;=o.„ for all i, which is reasonable for
the ion-etched sample, we can expand in (q,a„),and ob-
tain

Ã N

Sd;ir(q„) = g g r, hP, b,P

where a00=1, a,0= —,', a»= —,', etc. For q, o, «1, we

need only the n=0 term, and find an exponential line
shape of Sd;a(q ), with a characteristic length that is a
constant, independent of q, . However, when q, o., in-
creases towards unity, as is the case for much of our data,
this first-order approximation breaks down. In Fig. 3, we
plot the measured values of the characteristic length g as
a function of q, . If we also include the next order in

(q, o „),then Sd;a(q„) can be approximated by

S; (q„) e (6)

where

(7)

A fit through the measured exponents then yields a value
for go and o „. For this multilayer, we find go= 107 A and

0

o, = 1.7 A. Because we can determine o., from the specu-
lar measurement, and o.„ through the decay of the ex-
ponent g,a. as a function of q„we can now separate the
contributions o.„and o. , using o., =o.„+o. . We find

0
that the intermixing width (o s;,„M,=3.6 A,
cr M, ,„s;=5.2 A) is larger than the roughness width
(o „=1.7 A). We remark that this extraction of physical
information from the q, dependence of Sd;s(q) in trans-
verse scans is completely analogous to the case of scatter-
ing from capillary waves on simple liquid surfaces. '

There Sd;s(q„) decays as a power law, with an effective
power 2 —q where g depends on q, as well as on the sur-
face tension.

If we calculate Sd;s(q ) numerically, we can check the
validity of the values of o.„and g that we found from the
analytical approximation. As the fits in Fig. 2(b) show,
we do indeed find a good fit to the line shapes of the
scans. To compare the characteristic length of the ion-
etched sample to the non-ion-etched sample, we again use
the Lorentzian correlation function of Eq. (3), even
though existing growth models could also fit that data
well. As shown in Fig. 2(a), we find a good fit using a
characteristic length g of the order of 20 A. Thus, the
ion etching increases the characteristic length of the
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FIG. 3. Measured values in transverse scans of the effective
characteristic length (see text) as a function of q„ for an ion-
etched sample. Symbols (~ ) represent the measured values,
dashed line represents fit using the analytical approximation
given in the text [Eq. (7)] for go= 107 A, and cr „=1.7 A.
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0
roughness from 20 to 107 A, while reducing its ampli-
tude.

VI. DISCUSSION

It is of interest to see why the result of this measure-
ment differs from the models mentioned. The main ques-
tion that arises when we compare the ion-etched and
non-ion-etched samples is do we create a new surface
structure by ion etching, or does the ion-etching induced
smoothing reveal a structure that already existed, but was
obscured by the large amplitude, short length scale
roughness? In the latter case, the measured intensity
could reAect, for instance, the island size distribution of
the first layer (Mo initially grows in islands ' ), although
then one would expect to see a typical average island size,
and, thus, a peak in a transverse scan. Irrespective of the
cause, if what we measure is growth related rather than
ion-etching related, we still could not fit the measured
line shapes with existing growth models for these layer
thicknesses, predicting a power-law form for Sd;s.(q ).

If the measured structure is a result of the ion etching,
then the assumptions which are made in the construction
of the models must be checked for applicability to our
samples. The assumption that the slopes on interfaces
are so small that shadowing can be neglected, seems valid
for these samples too. The geometry of the deposition
setup is such that all atoms arrive along the surface nor-
mal. The angle of the ion beam with respect to the sur-
face is 45 which means that shadowing could only play a
role for height fIuctuations at in plane length scales of the
order of the r.m.s. roughness o ( ~ 10 A). This is much
smaller than our lower detection limit ( =60 A).

Another implicit assumption in these models is that
erosion can be treated as growth at a negative rate, ignor-
ing specific properties of the ion-solid interaction. Al-
though mathematically attractive, this is not necessarily
true, especially for amorphous or polycrystalline films.
For one, the sputtered atoms do not leave all surface po-
sitions with equal probability. Roughly speaking, atoms
at peaks are more loosely bound (have a lower coordina-
tion number) than those in troughs and will, therefore,
more easily be emitted from the surface. This will always
have a smoothing effect, similar to the effect of shadow-
ing. Another manifestation of the unequal emission
probability for different surface atoms can be found in the

different sputter rates of different crystal phases, which
can lead to so-called preferential sputtering of certain
sample areas.

Furthermore, the removal of atoms by sputtering is not
a simple knock-off event, but rather one of the results of
the transferal of the ion energy to the film. Other nonlo-
cal effects can include structural relaxation and crystal-
lization of the film.

Still, we should emphasize the fact that we report no
more than measurements that cannot be explained by ex-
isting theory, but that we can reproduce using a
mathematically simple correlation function. This corre-
lation function, however, has no underlying physical
foundation.

VII. CONCLUSION

In conclusion, we have measured the diffuse x-ray-
scattering intensity from two Mo/Si multilayers, one of
which had its interfaces ion etched, the other had not.
We have found that the main qualitative difference in in-
terface morphology between ion-etched and as-grown
surfaces is a reduced r.m.s. roughness o. and increased
characteristic length g. We have found that the data can
be fitted using a Lorentzian real-space correlation func-
tion with a characteristic length scale of 107 A. Using
these measurements, we have decomposed the interfacial
width in roughness and intermixing contributions, the
latter being the dominant factor in the ion-etched sample.
The measurements from the ion-etched sample are in
disagreement with existing ion-etching models. %'e have
identified possible causes for the discrepancy between our
data and theory. To get an indication of how etching pa-
rameters could be incorporated in a model, we plan to do
measurements in which ion energy, Aux, and fluence are
systematically varied.
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