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Au/Fe thin-film magnetic multilayer materials: A layer-specific structural analysis
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This paper presents an account of the application of medium-energy ion scatid&hg) to the investi-
gation of thin-film metallic multilayers grown using molecular-beam epitaxy. MEIS can provide high resolu-
tion compositional and structural information as a function of depth in the near surface @g2B0 A); these
parameters are inextricably linked with the magnetic properties exhibited by materials of this type. Amongst
the information available from MEIS is the accurate determination of the layer spacings, structural information
from individual layergeven at thicknesses close to a monolayand high sensitivity to disorder in the layers.
MEIS therefore provides additional information above that provideéhksitu reflection high-energy electron
diffraction monitoring during growth andx situx-ray diffraction measurements so that it represents an ideal
complementary technique for the analysis of thin-film magnetic multilayer materials of this type. An Au/Fe
multilayer sample of a type previously shown to exhibit giant magnetoresist@M&) was analyzed. Indi-
vidual gold layers were clearly resolved and a measurement of the bilayer spacing obtained; this parameter
determines the magnitude of the exchange coupling and GMR. Au/Fe/Au trilayer samples grown on both
MgO(100 and sapphirel120) substrates were also analyzed for a series of Fe layer thicknesses between 2 and
16 A. The MgQ100 grown samples showed unusually high second-layer Au signal consistent with atomic
layer spacings in the Fe layers that lead to enhanced illumination of the second-layer Au. This effect could be
modeled using bcd00) layer spacings thus confirming the structure to be(h@@® Fe between fqd 00 Au
layers. In the sapphire-grown samples, twinnedXtd) structure was observed in the individually resolved Au
and Fe layers. The amplitude of the Fe blocking features was reduced with increasing Fe layer thickness
indicating a reduction in crystallinity until for the highest thickness there was little indication of structure
within the layer. The maximum layer thickness for ftt1) Fe growth was seen to lie between 8 and 16 A.
[S0163-18298)06131-1

[. INTRODUCTION amount of structural information that can be obtained.
Clearly there exists a region of about 100 A from which
The ability to obtain structural information from the sur- information is difficult to obtain. Medium-energy ion scatter-
face and subsurface region of metallic materials is extremeling (MEIS) has the unique ability to provide a combination
important for the investigation of layered magnetic structureof compositional and structural information in this region
grown by techniques such as molecular-beam epitaxyvith close to layer-by-layer depth resolution. This technique
(MBE). An array of bothin situ and ex situtechniques al- has for several years been used in the study of surface and
ready exists to obtain chemical and structural informationnear-surface composition and struct{iréalthough applica-
with the most widely used structural techniques being reflections seem principally to have been limited to the study of
tion high-energy electron diffractidn* (RHEED) and x-ray ~ semiconductor layered structur€swith very little applica-
diffraction (XRD).2~* However, these techniques have limi- tion to metallic thin-film multilayer materials such as those
tations if the layer structure to be investigated is in the neardiscussed her#:!?
surface region, i.e., less than 250 A below the surface of the lon scattering techniques rely on an analysis of the prod-
material. RHEED only examines the outermost atomic layeucts of binary collisions between incident ions and positive
and in x-ray diffraction the layers should generally occupycores of the atoms that compose the near-surface région.
some fraction of the extinction depth. Further, a number ofThe resultant energy of the scattered particles can be calcu-
other surface structural and chemical techniqigeg., Auger lated from the scattering angle and the masses of the atoms
electron spectroscopy, x-ray photoelectron spectroscopynvolved using well-understood kinematic relationships;
low-energy electron diffractionare available, but their pen- hence it is possible to determine the mass of atoms in the
etration distance into the material is limited by the mean freenear-surface region. Also, as the incident ion penetrates the
path of the emerging electrons, typically 10-20 A. Conven-material, it loses energy due to inelastic loss processes and
tional Rutherford backscattering measurements are resolthe energy of the backscattered ions is reduced proportion-
tion limited by the detector to about 50—-100(Ref. 5 and  ally; hence it is possible to distinguish those scattered par-
although the use of grazing incidence may significantly im-ticles that result from surface collisions from those that origi-
prove thisS a fixed experimental geometry also limits the nate deeper within the material. In addition, changes in
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scattered ion intensity as a function of angle give crystallo- (a) Au(04) ;

graphic information about the material. This arises from ei-

ther channeling or blocking caused by the arrangement of the Fe (22 &) } x 20
atoms preventing in-going or scattered ions traveling along

particular orientations within the solid.
In the past 10 years a great deal of work has been carried

. . T . . Au (200 A)
out in the field of thin-film magnetism. Much of this work Bu}}i, Layer
has concentrated on the study of multilayered structures, : L
since they exhibit magnetic properties such as “giant mag- Fe (10 &) Seed Layer

netoresistance(GMR). Within this field Fe/Au multilayered MEO00)
structures have been extensively studied, because of the ex-
istence of the exchange coupling effects that give rise to the

GMR phenomenoA?!® Since differences in the structure of
these multilayered materials is expected to influence the

magnetic properties of the films, a detailed investigation of (b) -

the relationship between structure and growth conditions Au (15 4)

should provide valuable information, which may in the long o

term lead to the production of better quality materials exhib- Fe (X &) X=2 é,

iting enhanced properties. 4 A,
The growth of Fe on A(00 substrates is fairly well : 8 A

understood;? with the Fe layers able to grow in a bcc con- An @008 e

figuration with a very small lattice mismatcharound 0.6% . 16 A

if a lattice rotation of 45° is allowed. However, there are Fe (10 A) Seed Layer

conflicting results as to how Fe grows on (A1) substrates,

especially for films around 10 A thick!*'®> Above this Substrate

thickness bcc growth will again occlibut below this value
the Fe is thought to adopt the fcc structure of the substfate.
In this paper, a series of Fe thin films grown on both 20

and AU111) are investigated, which demonstrate that struc- (c) Au(154)
tural and compositional information can be obtained from

the subsurface layers of interest. Fe X A) X=12 A
— x4
Il. EXPERIMENT A (15 A) 44,
8 A,
A. MBE Nb (15 A) 16 A

MBE is an important tool for the production of materials Dutertayer

of this type due to its highly controllable growth conditions
and ability to produce atomically flat surfaces. All the

samples used in this experiment were grown at Leeds in the , , _
FIG. 1. Schematic representations of the samples analyzed using

Y(Glofiqllﬂml;\:li?EDZgzts?{iT)n V\;I:t]esawglisecaﬁ)kgfj'tstalgeus?;g 4aMEIS. (a) 20-period multilayer structure grown on Md@xhibiting
. : . . (100-type growth surfackg (b) MgO-grown trilayer samples(c)

quartz film thickness monitor and typical growth rates weresapphire_grown trilayer samplésxhibiting (111)-type growth sur-

around 0.2 A/s. The principal diagnostic for samples duringface]

growth was a 15 kV RHEED gun operated in conjunction '

with a KSA 300 data collection system.

Three separate types of samples were grown: a singl@yers are expected to adopt an(f@0) configuratior’:* The
Fe/Au multilayer sample on a Mg®00 substrate, Au/ RHEED patterns observed during growth appeared to con-
Fe/Au trilayer samples on MgQ@00), and Au/Fe/Au trilay-  firm this growth behavior. Samples grown under identical
ers on sapphif@12). Schematic diagrams showing the conditions have been shown to exhibit varying degrees of
layer structure of the samples are given in Fig. 1. Growthexchange coupling as evidenced by GMR measurements
conditions for each of these types will now be discussedvith a maximum value of 40% depending on the Fe layer

separately. spacing'®

1. Multlayer sample 2. MgO trilayer samples

The multilayer sample was grown on a MO0 sub-
strate with a 10 A Fe seed layer and a 200 A Au buffer Trilayer samples were also grown on M@D0 sub-
grown at 200 °C. The multilayer structure comprised 20 re-strates, again with a 10 A Fe seed layer and a 200 A Au
peats of 22 A of Fe and 10 A of Au grown at room tempera-buffer. An Fe film of either 2, 4, 8, or 16 A thickness was
ture, with the last Au layer acting as the cap. In this configuthen deposited followed by a 15 A Au capping layer. Here
ration the Au buffer layer is expected to grow as(id@0), again, the Au buffer grows as f00), the Fe is expected to
the Fe layers are expected to form @d0), and the Au form bcq100 with the capping layer also adopting an
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fcc(100 configuration. Again RHEED patterns consistent . RESULTS AND DISCUSSION
with the expected growth behavior were observed throughout

A. Multilayer sample
the growth process. 4 P

o This sample was chosen as an example of a practical
3. Sapphire trilayer samples Fe/Au multilayer that exhibits the GMR phenomenon. Figure

The sapphire trilayer samples were grown on ¢h&20) 2 shows a full 2D data set for this sample taken usingl®]
surface of single-crystal substrate with a 15 A Nb bufferincidence geometry45° off normal in a(100 azimuth. A
layer. The Nb buffer exhibits b¢t10 structure and has a series of bands of intensity can be seen from high energy to
low lattice mismatch with the Au buffer layer, which in turn much lower energy, arising from the contributions of each
exhibits fcc structure with &111)-type growth surfacé.On  individual Au layer to the scattering spectrum. In total, about
top of the Nb buffer a 15 A Au film was deposited, followed 4—5 bands can be resolved with the modulation decreasing in
by an Fe layer to the required thickness of either 2, 4, 8, ontensity as the energy decreases. This decrease arises due to
16 A and finally a 15 A Au capping layer. Despite the ab-straggling effects in the inelastic energy losses; it is this phe-
sence of a thick Au buffer layer between the Nb and Fenomenon that effectively limits the probing depth of the
layers, RHEED indicated sixfold symmetry typical of a \jg|s technique. However, despite straggling, information is
(111)-type surface throughout both gold layers and the thin,yailable from the resolvable layers and the energy separa-
Fe film, consistent with fcc growth. _ tion of the bands can be used in conjunction with the path

Prior to analysis, sample_s were stored and transferred 'nI@ngth and stopping power to obtain an independent calibra-
:2W t\rlgﬁgfuer:]ir?oﬁtﬂg aréclisbgeﬂ)é;ﬁgsed to atmosphere durtTon of the periodicity of the multilayer sample. The value of

9 P ' 34=1 A calculated from the path length o#2x depth and
B. MEIS 31 eV/A stopping powéf is close to the value of 32 A
predicted from the growth conditions. Whilst this value

lon scattering experiments were carried out using th&yicty represents the distance between Au layers, it also
Daresbury MEIS facility. For these experiments a 100 keVyegcrines the periodicity of the Fe layers, which is of great

e ;
He" ion beam was employed with a current of up tuA . oance since it determines the magnitude of the ex-

and a dose per data set of. The angle and energy of the cpange correlation effect and the observed GMRhereas

scattered ions are determined using a state-of-the-art tormda,]e layer repeat distance obtained from growth is inferred
electrostatic energy analyzer with position-sensitive detector,

This allows the simultaneous collection of ions from a 24°from the deposition rates and exposure times, the value de-

range of scattering angles and with a range of energies equr Ked f“’”_‘ MEI_S IS an_actual measurement of th.'s pargmeter.
to 2% of the pass energy. The raw data are thus in the formN€ Precision is dominated by the accuracy with which the
of a two-dimensional2D) array of intensity as a function of e_nergy loss for each layer can be dete_rmmed and_ is therefore
energy and angle. A complete data set is constructed frofligh due to the good energy resolution of the instrument.
several 2D arrays of different angles and energies and seJhere are potential problems associated with the use of semi-
eral examples are shown in the results section. The variatiofmPpirical stopping powers that strictly apply to random ma-
of backscattered ion intensity over the angular and energigrials, since in single-crystal channeling orientations the
range is shown by a false color map using the visible specstopping power can vary from the random vatfieiowever,
trum from violet to red to indicate increasing intensity. in this experiment a comparison of the energy loss in both
The 2D data can be sectioned to produce a 1D angle speblocking and random exit geometries suggests that no sig-
trum (or 1D energy spectrum The 2D data can also be nificant variation in the stopping power occurs, probably be-
processed to “gate” a range of energies that vary with anglecause the sample is not a perfect crystal.
so that the signal from a specific element and/or layer can be In addition, the 2D spectrum from the multilayer sample
isolated from other elements or layers. Examples of 1D anglshows clear evidence of blocking dips that confirm the crys-
spectra(blocking patterns from specific layers within the talline nature of the epitaxially grown layers. The large am-
samples analyzed are also shown and discussed in the resyfitudes of the blocking dipg&approximately 30%show that
section. The blocking dips seen in these spectra can be atie degree of crystallinity is high. MEIS is also sensitive to
tributed to known crystallographic orientations within the strain-induced distortion in layered materials of this type,
samples. The ratio of the intensity in blocking and nonblock-although in this case the angles between [thEl] channel
ing geometriegamplitude of the blocking dipcan be used (surface normaland[110] channel demonstrate no tetrago-
as a relative measure of the degree of crystallinity in eaclmal distortion within the resolution limit of 1%. Strain-
layer. induced distortion is not expected for this materials combi-
Another type of data set presented here is the azimuthalation because of the very low lattice mismatch.
scan, which involves rotation about the sample normal whilst Figure 3 shows an azimuthal scan taken with the inci-
integrating the detector counts from some area of the detedence angle held at 45° off normalhere[110]-type chan-
tor (often the entire argaBy setting the analyzer energy to neling occursand the energy window gated to the Au signal.
correspond to signal from a particular element or layer inforLarge intensity dips are seen at 45° intervals, although the
mation can be obtained about the structure of that element qreriodic repeat distance is actually 90°, indicating fourfold
layer. Scans of this type are also used in conjunction witlsymmetry. The epitaxial layers exhibit typical behavior of a
similarly collected scans of in-plane and out-of-plane inci-cubic structure with 2100 surface, as expected for this
dence angle to align the samples prior to collection of the 2Dmaterials combination and indicated by the RHEED patterns
data sets. observed during growth.
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FIG. 2. (Color A two-dimensional data set showing the variation of intenGitlor scale with scattered ion energy and scattering angle
for the MgO-grown multilayer sample. The data were taken using 45° incidence alir@)aazimuth, which corresponds {410]-type
channeling. Up to five Au layers can be resolyedlicated by the diagonal high-intensity bapdi&hough only one Fe band is clearly visible
superimposed on an Au intensity background.

In Fig. 2, bands corresponding to the Fe are weaker in B. MgO-grown trilayer samples

intensity (due to the lower scattering cross secji@o that

only one or two layers can be seen. The inability to clearly Results from the Mg@O00-grown trilayer samples ex-
resolve the Fe layers is unfortunate since these are the layeniited unusual behavior not seen in any previous MEIS
of greatest interest, where the structure is less well undeistudies. A data set from ¢h8 A MgO grown sample is pre-
stood. For this reason studies were carried out on trilayesented in Fig. 4, again usird.10] incidence geometry. The
samples specifically grown for MEIS investigation to allow presence of stronfl10]-type channeling and blocking fea-
the Fe intensity to be more easily resolved. tures confirms th€100 nature of the Au as expected from
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FIG. 3. An azimuthal scan of intensity from the Au signal in the é \ 8 Sar::i_ﬂ /'\-\ 84 Sample
multilayer sample using an incidence angle of 45°. The periodicity 5 | \ V/;’" / \
of 90° is consistent with a f¢&00 growth surface. S . j N -"\/
"'“‘\\'w \.’/-\
L. 16A Sample 16A Sample
growth and indicated by RHEED. The two Au layers are
well resolved and the Fe layer can be clearly seen above thi V,,P"M"w-w
o ; Pl
Au substrate background. The most striking feature of this [~~~ \"’/\M-—-

data set is the “island” of high intensity seen in the second o %0 % Py % %
Au layer signal in the[110] channel, with a similar but
slightly less pronounced effect being seen in the Fe signal.
The enhanced Au intensity can be attributed to incoherent FIG. 5. Plots of the intensity in the second Au layer versus
atomic layer separations in the Au and Fe layers. The differscattering angle for thé100) substrate grown samples. The island
ence in atomic layer separation of the Fe with respect to thef intensity is seen to change position and size within the channel as
the Fe thickness changes. The second column shows results from
VEGAS simulations for the second-layer Au layer intensity. The
simulations model the positions of the intensity “islands” well al-
though there are some discrepancies in the size of the features.

Scattering Angle (deg)

Ist Au
Layer Au effectively causes a lateral shift in the relative positions

between the top Au layer and second Au layer atoms, allow-
ing the second-layer Au atoms to be illuminated by the chan-
Ind Au neled beam. Because backscattered ions can only escape di-
Layer rectly up an aligned channel the intensity appears only in the
blocking direction where double alignment is achieved. This
behavior is consistent with bulklike lattice spacings for both
fcc Au and bec Fe layers. Figure 5 shows a plot of intensity
‘Island’ of versus angle for the second Au layer of each of the four
Au Intensity samples. The island of intensity seen in Fig. 4 moves within
the channel for different Fe layer thickness as the offset be-
tween the two Au layers changes, with a maximum offset at
a layer thickness of abo@ A for the samples analyzed.
In order to confirm the interpretation of this data, tre
[110] Channel  gas simulation cod® was used to generate theoretical
blocking curves for comparison with experimental data. This
code is more usually employed in the simulation of recon-
structed surfaces, where its accuracy in modeling blocking
e curves is generally acceptéd® A second column in Fig. 5
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FIG. 4. (Color) A two-dimensional data set faa 8 A Felayer Azimuthal Angle (deg)

sample grown on &100-type substratéusing[110] incidence ge-
ometry. The islands of intensity seen in the second Au layer and Fe FIG. 6. An azimuthal scan of intensity from the Au signal in the
layer arise due to a difference in structure between the layers tha& A trilayer sample taken using an incidence angle of 35.3° and
leads to the Fe layer thickness being a noninteger number of Ashowing channels at a periodicity of 60°, which are consistent with
layer spacings. two domain fcc structure and (@11)-type growth surface.
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FIG. 7. (Color A two-dimensional data set for ¢h2 A Felayer sample grown on #111)-type substrate taken usirid10]-type
channeling(35.3° incidence along €11y azimuth. Features arising from the different elements comprising the trilayer sample are marked.
The[110] blocking dip seen in the Au signal is also present in the buried Fe signal suggesting that it has the same structure.

shows simulations of the second-layer Au intensity for eactangle, high-impact parameter collisions involved in the
sample. The simulations were generated using bulk valueshanneling process. Other possible reasons for the discrep-
for the layer spacings in the Au and Fe layers, with an interancy include a small amount of interfacial roughness or un-
mediate value for the spacing at the two interfaces. Theven layer thickness that would result in some “smoothing”
theory can be seen to give a good qualitative simulation obf the effect. However, since a large amount of either of
the experimental data, with the angular position of the feathese would probably eliminate the phenomenon entirely, the
tures modeled well and consistent trends seen in both experxistence of the “islands” of intensity within the blocking
ment and theory. The match in the absolute position of thehannel suggests a high degree of uniformity in the layers
blocking features is good, but not perfect, although this carand hence the good epitaxial quality of the samples. Despite
be easily explained by errors in the actual thicknesses of thihese discrepancies between experiment and the theory, the
layers. However, the intensities of the features are not as wefjood qualitative match over a range of layer thicknesses
modeled, with the theory tending to overestimate the magnishown in Fig. 5 is strong evidence for the bcc structure of the
tude of the effect. This may be because the intensity ariseBe layers. If the Fe layers were fcc in structure the samples
from focusing effects of the ion beam in the channel, whichwould exhibit bulklike behavior and no additional intensity
may not be accurately modeled by tecAs code due to the would be seen in the lower Au layer.

difficulty in correctly describing the interaction potentials.  The Fe signal in these samples also shows intensity within
The Thomas-Fermi-Moliere potenti&lsused in the simula- the [110] channel and in this case the intensity is seen re-
tion are better at describing the high-angle, low-impact pagardless of the layer thickness, since the difference in struc-
rameter interactions involved in backscattering than the lowture between the two layers means that nearly all the Fe
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atoms are illuminated by the incoming ions. Although no 2nd Au Layer, (30+10%)
channeling occurs within the Fe layers there is still a possi- )
bility of observing blocking in the outgoing Fe scattered Vo M"’MWM“”MMM‘\W
ions. However, in this experiment no structural information W\“’“*w,,\w.\/
is readily available from the Fe backscattered ions since the 2A Fe Layer, (20+10%)
intensity sits on a large background of Au substrate signal. W\M ’m%'; ' i R ‘
i e G i | \\ P
g, Tt
C. Sapphire-grown trilayer samples z \‘\MW/ i / | “H
An azimuthal scan taken in the gold intensity of the 2 A £ f\/VJ i 4A Fe Layer, (52+10%)
Fe layer sample is shown in Fig. 6 and reveals 60° periodic- 3 lhi"l’“ e A 5 M&' }:
ity in the Au layers, which is consistent with the formation of T /'\h/‘wr\l\/ (A (R \'L\,/:,'\, r\l'\,\'M{WA
twinneddomains of fcc with 4111)-type surfacgpure(111) 3 : /
would give 120° periodicit}; This twinning is not detectable i, 8A Fe Layer, (60+10%)
during growth due to the symmetry of the observed RHEED l\"*\r,\n |
pattern. Figure 7 shows a large 2D data set far 2hA Fe "1[%‘,\ . VPMM’““W‘VWWIN‘MJ‘WMW
sample taken usin§l10] incidence(35.3° off normal in a Vi
(212) azimuth. At the highest energies two diagonal bands 16A Fe Layer, (87+10%)
of intensity are visible that correspond to the Au layers. Be- b i
low this there is a broad band associated with the Nb buffer i M'M,;»w&\qp»’wu,,\\ N
layer and at a lower energy the Fe intensity is seen to be AN ot
separated from the buffer layer for high scattering angles. 100 P = o

Analysis of the Fe intensity as a function of energy reveals
that it is comprised of two components, with the higher- Scattering Angle (deg)
energy component being associated with material at the sur- . : .
face. This component has an energy width that is comparablbe Sll\fdlﬁ ':Acr);sf:]h; qa;mrgggfviiicskts;:tstiﬁi ;:;ter;e:lulyltgfn; erC:he
to that of the surface O signal and this indicates that th y g gh by gang

%uried Fe layer ir111) substrate grown samples. Data are provided

surface Fe is present in the form of an amorphous c)deei’or four samples with different Fe layer thickness and a typical set

This oxide was present for all the sapphire-grown Samplegor the second Au layer is provided for comparison. The amplitude

analyzed, perhaps due to the relatively thin capping Iayer the blocking dip(shown in brackets for each pjas identical in

used, although its presence had not been detected prior {Q. Ay layer and Fe layer of ¢12 A sample. As the Fe layer

this study. . . _ . thickness increases the magnitude of the dip decreases until for the
The Fe intensity at lower energy is associated with thejg A sample there is little evidence of crystallinity.

buried layer. Similar energy widths were seen for the buried

Fe intensity in each of the 2, 4, &8 A samples. Whilst the  fcc nature in this layer. These results indicate a layer thick-

instrumental resolutiofequivalent ® 6 A in this geometry  ness limit of between 8—16 A that can be grown in a well-
is a factor, it is probable that even with perfect resolutionordered fcc configuration.

similar widths would be seen due to the atomic scale rough- |t is apparent that MEIS is far more sensitive to disorder

ness brought about by the presence of step edges on thethese samples than the RHEED measurements made dur-
growth surface. Because of this effect it is not possible tdng growth. Similar well-ordered RHEED patterns were ob-
rule out phenomena such as islanding of the Fe or allogerved during growth for all four samples despite the obvious
formation with the surrounding Au. However, the data aregifferences in epitaxial quality revealed by MEIS. In MEIS,
not inconsistent with the formation of homogeneous, well-the intensity seen within a blocking dip arises mostly from
defined layers of Fe in each sample. In processing the Fghe disorder in the material, whereas the spots in a RHEED
intensity to produce blocking curves a ratio of approximatelypattern arise due to the ordered fraction of the surface, with
2 was seen between consecutive data sets confirming thRe disordered fraction contributing only to the diffuse back-
presence of the correct amount of Fe in each sample. Thground. This increased sensitivity to disorder represents a
angular projections shown in Fig. 8 have blocking featureseal advantage of ion scattering techniques over diffraction
that demonstrate periodic structure, with the main blockingechniques such as RHEED and XRD. Whilst RHEED will
feature in the Fe signal aligned in angle with the large intentemain the primary diagnostic technique used during the
sity dip in the second Au layer. This arises from fdd0-  growth of materials of this type the value o&% sit’ mea-

type blocking and demonstrates the similarity in structure okurements using MEIS has been clearly demonstrated by this
the two types of layer. Figure 8 shows a comparison of thenvestigation.

angular projections of the Fe buried layer signal for all four

samples with a projection of the second Au layer from the 2 IV. CONCLUSIONS

A sample. It can be seen that the fdd.0] blocking feature is

present for the 2-, 4-, @8 A samples, although there is an  Analysis of a Fe/Au multilayer sample showed that, al-
indication of reducing crystallinity within the layers as evi- though this sample was not ideal for MEIS investigation,
denced by the increase in the ratio of intensity in blockinguseful information could be obtained. The sample exhibited a
and nonblocking orientations. For the 16 A sample, themeasured layer repeat distance of+34A compared with
blocking dip has virtually disappeared suggesting very littlethe value of 32 A predicted from the growth conditions.
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Blocking dips revealed a high degree of crystallinity within tion. The technique has allowed an element-specific study of
the epitaxially grown layers and azimuthal scans demonthe structure of individual buried layers of thickness from 2
strated fourfold periodicity consistent with @00 growth  to 16 A. Information has been gained on the thickness and
surface. structure of the layers and the degree of epitaxy within each
Data from MgQ@100-grown trilayer samples showed |ayer. MEIS was seen to be more sensitive to disorder in the
strong features in the backscattered intensity that are consiﬁ;yers than the Ih situ” RHEED analysis during growth and
tent with bc¢100) growth of the Fe interlayer, as expected « ex sit' XRD studies commonly carried out on samples of

for the materials combination used. The effect could benis kind and it is therefore an ideal complementary tech-
qualitatively modeled using theeGAs simulation code. nique.

Trilayer samples grown on sapphitd20) substrates
demonstrated that f¢t11) growth occurs in the Fe layer for
samples with upa 8 A of Fe, although there is a visible
decrease in crystallinity with increasing Fe layer thickness. A
sample with a 16 A Fe layer exhibited very little fcc charac-  The authors wish to acknowledge the assistance of M. J.
ter, indicating a maximum thickness for fcc Fe growth be-Walker in preparing the samples, and the FOM institute in
tween 8 and 16 A. Amsterdam for making available theeGAS simulation code.
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