PHYSICAL REVIEW B VOLUME 58, NUMBER 9 1 SEPTEMBER 1998-

Crystallographic texture and interface structure in Co/Cu multilayer films
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This paper reports on the apparent relationship between giant magnetoresi&aiRg and crystallo-
graphic texture in sputter-deposited polycrystalline Co/Cu multilayers. In agreement with previous work, we
find that GMR decreases from a typical literature value in a randomly oriented multilayer to a very low value
of less than 2% in multilayers with a strongly definld 1) fiber texture. The change in orientation and the
retained integrity of the multilayer is followed by x-ray diffraction and reflectivity, and high-resolution electron
microscopy and electron diffraction. Modeling of the x-ray reflectivity data suggests that there is no significant
change in the interface roughness of the multilayers with change in texture. To complement the magnetic
hysteresis and GMR measurements, the transition from partially antiferromagnetic coupling to ferromagnetic
coupling has been followed by polarized neutron reflectivity viitlsitu magnetization measurements.
[S0163-18298)05733-§

[. INTRODUCTION ties of modified polycrystalline sputter-deposited Co/Cu
multilayers. In previous work® we have shown that substrate

Over the last several years there has been a lively debagiching is a very effective way of controlling the crystalline
on the origin of the giant magnetoresistafi€R) effect in  orientation of sputter-deposited multilayers grown on silicon.
metallic multilayers. Since its discovery in 198Ref. )  We also showed that in those samples there was a strong
evidence has mounted that the effect arises in multilayers a&Pparent correlation between GMR and crystalline texture,
a result of differences in the scattering cross sections witi{Vith well developed{111; mosaic textures being associated
respect to magnetization in the two spin polarized electrovith very low GMR. However, questions still remained as to
popu|ationsl In antiferromagnetica”y Coup|ed mu|ti|ayersthe influence of the interfaces between the Iayel’s. In this
Spin_up and Spin_down e|ectrons Eg'm Scattered in a|ter_ Work, W|th |tS emphaSiS on miCI’(_)S?trUCtura| il’lvestigations, we
nate layers into states in the spliband resulting in a high show from detailed x-ray reﬂectlvny measurements and care-
resistance. In ferromagnetically coupled regions the scatteful modeling that, although there is a slight increase in the
ing cross section for spin-up electrons is reduced causing M roughness with etching, the change in GMR in our
decrease in resistance. It has been sHdiat the magnitude Samples appears, again, to be largely driven by the change in
Of the effect has an Osci”atory dependence on the thickneﬁeferred CI’ySta| Ol’ie_n'[ation in the mult”ayer. In the I|m|ted
of the nonmagnetic spacer layer corresponding to oscillationgange of roughness in our samples there does not appear to
from ferromagnetic to antiferromagnetic coupling betweenb€ an obvious correlation between interlayer roughness and
the magnetic layers. Theoretical studiegplained this oscil- GMR. These findings are corroborated by transmission elec-
latory dependence in terms of Fermi surface effects and sudton microscopy of cross sections from the multilayers and
gested that, in the Co/Cu system, the effect should be stroftomplemented by neutron reflectivity, x-ray diffraction, and
ger for{100 and{110 oriented films than fof111 oriented = Magnetization measurements.
films. However, studies since then have both suppored
cont_radictea this vigw, V\_/ith particularly strong arguments Il. EXPERIMENTAL
coming from the disparity between some molecular-beam
epitaxy (MBE) grown and sputter-deposited samples. In this Films with a nominal structure of 26{1nm Co/
difference, the second antiferromagnetic maximum has ofteX nm Cu+1 nm Pt, with X=1 nm (type A) or X=2nm
not been observed in MBE deposited samples. It has beetype B), were grown on ion beam etched silic6t00) wa-
suggestefithat the areal fraction coupling ferromagnetically fers by dc magnetron sputter deposition. In this paper we
could increase with the order of the antiferromagnetic maxidmostly concentrate on type-B multilayers which, with thicker
mum and may completely mask the higher order maximacopper spacer layers, can be prepared more reproducibly at
The relative importance of the contribution of interface scatthe second maximum in the GMR vs spacer layer thickness
tering to GMR has also been a subject of much débaaed  curve®'! The base pressure of the process chamber was be-
is thought to be very important in some cases such as Fe/@ow 10 ° Pa. Deposition rates at room temperature under an
multilayer structure® in which Friedel-type scattering oc- argon pressure of 0.4 Pa were 0.04, 0.07, and 0.08 nm per
curs at Cr impurity atoms in the Fe layer at the interface. second for Co, Cu, and Pt, respectively. Before deposition

In this study, we have examined the effect of substratéhe substrates were etched for 2 min using a Kaufman-type
etching on the magnetic, crystalline, and interfacial properion beam source under a 0.1 Pa pressure of argon and at
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beam voltages up to 1 kV. For convenience we describe )
samples grown on the native SiGovered Si wafers as “un- 20
etched” samples and those grown on substrates etched witl
the ion beam as “etched.”

GMR was measured at room temperature using the stan 154
dard dc four point probe method with the current and mag-
netic field orthogonal and in the plane of the film. The mag- _
nitude of the effect was calculated in the usual way (GMR & 10+
=100 AR/R;, whereR; is the measured resistance in a g .

G

Magnetization
Magnetization

saturation field and\R is the absolute difference between
the zero field resistance am}). Magnetic hysteresis loops 5
of the multilayers were measured on a laboratory AGFM
(alternating gradient field magnetometet room tempera-
ture. Care was taken to minimize the effect of the alternating 0+
gradient field on the magnetic state of the sample. However, 0 200 400 600 800 1000
measurements near zero field remain inherently unreliable. Etchi It

High angle x-ray diffraction measuremerit$XRD) were ching voltage (V)
carried out on a Siemens DS000 diffractometer system at g, 1. variation in GMR and magnetic hysteresis behavior
copperKa radiation wavelengths. The system allows inde-caused by substrate etching in @ nm Co/2 nm Cix+1 nm Pt
pendent computer control of both the source and detecta§putter-deposited multilayers.
angles thus opening up the possibility of plotting full recip-
rocal space maps for each sample. High-resolution transmigne trend has its origins in a source other than spacer thick-
sion electron microscopdTEM) and diffraction (TED)  ness variation. Although significant variations from the
analyses were carried out on a JEOL 3010 microscope with gominal value of the copper spacer thickness at the second
point to point resolution of 0.17 nm. _maximum are unlikely, these measurements would allow for

The layer and interfacial structure of the Cu/Co multilay- gng accommodate such a condition. It should also be noted
ers was investigated using grazing incidence x-ray reflectivinat similar trends in the loss of GMR with substrate etching

ity (GIXR). Both specular and diffuse x-ray measurement§yere observed in this work for type-A multilayers grown on
were carried out on a Bede GXR1 laboratory reflectométer (100 silicon, and also for types A and B grown gfl1l)

and at station 2.3 of the Synchrotron Radiation SoU8#RS  ijlicon. These latter findings also corroborate the results of
at the CLRC Daresbury Laboratoty.The SRS produces a pojlardet all* The hysteresis loop from the multilayer pre-
brilliant x-ray beam with the wavelength being selected USpared on the unetched substrate, and giving a creditable
ing a water cooled double bounce(Hil) mo.nochr(_)mator.. GMR of about 20% fottc,=2 nm in Fig. 1, shows that the
Typical count rates of 180_counts/s were achieved in the in- mytilayer is clearly not completely antiferromagnetically
cident beam. A large projected lateral coherence length, typigoypled. However, careful examination of the other hyster-
cally 100 um, was produced due to the large distance beggjs |oops in Fig. 1, shows that, as the ion beam etching
tween the sample and the source. _ energy is increased, the loops become more upright and fer-
Polarized neutron reflectivitPNR) measurements during  romagnetic in form and lose the contribution from the re-
magnetization were carried out at the CLRC Rutherfordyions of antiferromagnetic coupling in the multilayer. The
Appleton Laboratory’s pulsed neutron source, ISIS, using thgemanence changes little as the antiferromagnetic component
polarized neutron mode of the time of flight reflectometer;q lost, the change being masked by the regions of ferromag-
CRISP._A detqiled description of the CRISP instrumentation,gic coupling. The coercivity and, importantly, the satura-
and a discussion of the theory may be found elsewtere. ion field both clearly decrease with increasing etching en-
ergy reflecting the easier switching of the magnetization as
the antiferromagnetic component reduces. As shown below,
PNR confirms this change in magnetic coupling. The GMR
Figure 1 shows some of the GMR values and associateseems to saturate, on average, at a minimum value of about
magnetic hysteresis loops of a series of type-B multilayer2%. Having established the apparent correlation between
grown on ion beam etched silicon substrates. The drop in th&MR and etching voltage in our samples it is necessary to
magnitude of the GMR with increasing etching voltages isquestion the origin of the effect. This report is mainly con-
striking. The most obvious explanation is that errors in thecerned with a detailed structural investigation of these
deposition process are causing a variation in the nonmagamples since the two most obvious mechanisms for the loss
netic spacer thickness. This would tend to shift thein GMR are(i) changes to any interfacial scattering contri-
multilayer system off the antiferromagnetic peak in the os-bution depending on interface roughness, éndchanges to
cillatory coupling curve thus reducing the magnitude of theany volume contribution depending on the crystal orientation
resistance change. In order that this possibility might beof the layered structure.
tested a large number of samples were prepared in several Since the refractive index for materials at x-ray and neu-
series and their magnetoresistance measured. In Fig. 1 vimn wavelengths is less than unity, total external reflection
show GMR values for three samples at each etching voltag@ccurs at low incidence angles. At incidence wave vectors
In all cases the magnitude of the GMR was found to fall onabove some critical value the radiation penetrates deeper into
or beneath an envelope of maximum change indicating thahe sample as the angle is increased. Measurement of the

Ill. RESULTS AND DISCUSSION
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critical angle and of the falloff rate in the intensity yields
information on the surface density and roughness. If one or
more layers are present in the film near the surface, interfer- 10"
ence oscillations may be observed in the reflectivity profile.
The reflectivity profile is a function of the refractive index,
roughness, and thickness of each of the layers in the film anc 10
obeys Fresnel's laws.

Neutron reflectivity measurements have two major advan
tages over x rays. First, neutron scattering amplitudes are n
a monotonic function of the atomic number, they vary errati-
cally from element to element. The other is the fact that there  10°
is a magnetic contribution to the refractive index in addition
to the nuclear one. For materials magnetized in the plane ol
the sample, neutrons polarized parallel) or antiparallel
(—) to the applied field have a spin-dependent refractive in-
dex. Thus neutron reflectivity is a sensitive probe of the (, q, A
variation in magnetization with depth. Since one would ex-
pect to see evidence of antiferromagnetic coupling betweer
the magnetic layers in these films, and the magnetic profile
will change on applying a saturation field, the reflectivity
curve should exhibit a definite dependence on applied field.
Therefore, reflectivity data were taken for each film at 3 mT
(guide field only and at 300 mT{saturatio.

Figure 2Za) shows PNR data for an unetched type-B .
sample takenn a 3 mTguide field. Type-B samples were
chosen for the PNR experiments because of their low satu-
ration fields (~200 mT) as compared to those of type-A
sampleg~1 T). Although it is an extremely bright spallation
neutron source, the beam intensity at ISIS is orders of mag-
nitude less than that from x-ray sources. Intensity is a par-
ticular problem with the CRISP instrument where much of . . —
the intensity is lost in the beam refinement and polarization : : 0.15
process. For this reason, the sample must have as great q (A"
surface area as possible, thus improving the counting statls- i
tics. As a consequence of the large sample size, the gap FIG. 2. Specular PNR data féa) an unetched anb) an etched
between the pole pieces of the magnet is greater than 80 mpe-B sample. The inset shows the divergence of the curves at the
restricting the maximum field obtainable with a conventionalcritical edge.
water cooled magnet to about 300 mT.

There are a number of features in the PNR curves whicla period of double that of the chemical structure. This is
attest to the birefringent nature of these magnetic multilayindicative of significant antiferromagnetic coupling between
ers. The most obvious is the change in the critical reflectiothe magnetic layers. The magnetic nature of this peak is con-
scattering vectoQ. seen most clearly in the inset of Fig. firmed when, on changing the magnetic structure from anti-
2(a), where, sinc&).. is a function of the refractive index and ferromagnetic to ferromagnetic on application of the 300 mT
the refractive index is related to the relative orientations offield, the peak at),,gdisappears and the intensitycaaqqiS
the sample and neutron magnetizations, irradiating théncreased. Similar examination of the etched sample, Fig.
sample alternately with oppositely polarized neutrons will2(b), shows no such changes in the reflectivity profile with
result in a birefringent splitting at the critical edge. Also, atapplied field except for the slight increase in the Bragg peak
the multilayer Bragg peag,qqWhere the reflectivity is due which may be attributed to the improvement in magnetic
to constructive interference of reflections from the bilayersporder between the remanent and saturated states. There are
the intensity is related to the scattering potential between theome differences, however, between the profiles of etched
bilayers. Since, because of the magnetic birefringence, thend unetched samples, which may be attributed to an in-
refractive index of cobalt for spin-up neutrons approachesrease in interfacial roughness and a slight disordering of the
that of copper, the scattering potential will drop causing dayer structure.
reduction in the Bragg peak intensity for spin-up neutrons. In specular x-ray reflectivity scangé=2456), where the

A number of changes become apparent on the applicatiodetector is scanned at twice the rate of the sanples ks
of a saturation field. First, there is a greater difference be—k;) is directed normal to the surface and has a magnitude
tweean andQé in Fig. 2(a) and, secondly, there is a greater q,= (47/\)sin 6. The scattering vectd is the vector sum
difference in the intensities at the Bragg peak, both of whiclof the orthogonal vector componens, g, andq,, and in
may be understood in terms of an increase in the magnetizéhe specular condition,=q,=0. The true specular reflec-
tion. However, the most relevant change is that seeg,gf  tivity, with a & function cross section in thg directions
which is a half order peak corresponding to a structure witthormal to the specular ridge is distinct from the diffuse sig-
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FIG. 3. Specular and off-specular x-ray scan for a 100 V etch ’
type-A sample {,~1 nm) showing the presence of correlated FIG. 4. Transverse diffuse x-ray scans, from the sample of Fig.
roughness, indicated by off specular fringes. The dashed line is thg, taken through the first Bragg peak close to and away from the
simulated fit to the specular curve. cobalt absorption edge.

nal which has an intrinsic width in reciprocal space but alsowould not be present. Detailed simulations were carried out
peaks at the specular ridge. Off-specular longitudinal diffuseon the specular and transverse diffuse scans using the Bede
scans §4=2560+A) were used to record the intensity of Scientific Gixs code’® The simulations are based on calcu-
the diffuse scatter just below the specular ridge. The scatating the scattering from model fractal surfaces using the
takes the same form as the normal specular scan but with distorted-wave Born approximatidf-'® Simulation of
slight offset, typically 0.1°, in the sample angle. Transversespecular scans allows layer thickness, near-surface density
(gy) scans in reciprocal space were recorded in which thend an effective roughness to be quantified. Transverse dif-
detector angle was fixed and the specimen scanned. fuse simulations allow this effective roughness to be distin-
The tunability of x-ray synchrotron radiation allows scat- guished from the true roughness, which itself can be subdi-
tering from interfaces between elements close in the Periodicided into correlated and uncorrelated components.
Table to be enhanced using anomalous dispersion. Th&dditionally the lateral coherence lenggtand fractal param-
anomalous dispersion correction to the scattering factoeterh which characterize the in-plane structure of the inter-
changes rapidly with wavelength so it was therefore essentidhces, can be determinéd.
to locate accurately the wavelength with respect to the Cu Figure 4 shows the anomalous scattering data recorded at
and Co absorption edges and for this to be reproducible. Thiand away from the cobalt absorption edde608 A taken
was achieved by measuring the fluorescence yield for starthrough the first order Bragg peak. There is a change by a
dard samples as a function of the incident wavelength. Scarfactor of 1.5 in the diffuse scatter intensity with wavelength.
were recorded at the Co absorption edyy608 A and away Transverse scans taken away from the Bragg peak show vir-
from it (1.48 A). Tuning the wavelength to the Co edge tually no increase in intensity. The observation that the
considerably enhances the intensity of the first order Brag@ragg peak diffuse scan intensity increases by tuning the
peak for systems in which the interfacial roughness is correx-ray wavelength to the Co absorption edge is another indi-
lated in nature. cation of the highly conformal nature of the interfacial
Roughness with spatial frequencies copied from lowerroughness. Diffuse scans taken at the Bragg angle are pre-
layers is said to be conformal or correlated. Conformaldominantly sensitive to conformal roughness rather than
roughness which is only replicated over a few of the layermonconformal roughness. The enhancement of the diffuse in-
will result in an increase of the diffuse scatter around theensity at the Bragg condition, using anomalous dispersion,
specular Bragg peak. However, if this roughness is replicatedut not at any other angle infers that the majority of the
through the whole sample, the diffuse scatter will show peinterfacial roughness is conformal throughout the Cu/Co su-
riodicity in g, equal to that of the Kiessig fringes. The ex- perlattice.
tension of the periodicity intg),, depends on the frequency  Specular simulations similar to that shown in Fig. 3 were
of the roughness that is being replicat@d\s low-frequency  carried out for a number of type-A samples in order to es-
roughness is the most easily replicated, off-8&6 scans tablish the interfacial characteristics across the series. Fig-
with a smallq, component will detect the presence of any ures %a) and §b) show examples of transverse diffuse scans
correlated roughness. Specular and off-specular scans for(eocking curvegand simulated fits. In all cases the simulated
type-A sample etched at 100 V are shown in Fig. 3 and showlata was in good agreement to the recorded data. The simu-
notable fringes at low angle in the off-specular scan. This, atations show that both the interfacial roughness and bilayer
mentioned above, can be explained by the presence of a highickness remain relatively constant, within the limit of the
degree of conformal roughness in the multilayer propagatingrrors, across the series independent of the etching voltage.
from the substrate upwards. Without the presence of a higfithe relevant simulation results are given in Table |. The low
degree of conformal roughness these off specular fringesatio of uncorrelated to conformal roughness shows the
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e
. . fitting both diffuse and specular scatter measured in the
-0.0005 0 0.0005 transverse scans, provides the reliable roughness values
“ shown in Table I.

(b) q, A7)

TEM cross-section micrographs provide a more intuitive,
FIG. 5. Transverse diffuse x-ray scans for the 100 V etch type-Af localized, view of the interfacial structures. Figure&)6
sample taken@ at A=1.48 A, through a Kiessig minimnum® and @b) show a pair of defocused micrographs of an un-
=2.713° and(b) at \=1.608 A, through a Kiessig maximumé2 etched and a heavily etched type-A samglg,{ 1 nm), re-
=2.802°. Scans shows experimental dat@ngles and simulated  spectively. The microscope is defocused to enhance the
fit (solid line). phase contrast between the Co and Cu layers, thus revealing
the layered structure. The Si substrate is below the multilayer
roughness to be predominantly correlatédonforma)  and at the bottom of the two micrographs. The natural,SiO
throughout the stack and again this does not change acroks/er between the unetched Si and the superimposed
the series. The correlation length is consistently short acrogsultilayer is clearly visible in Fig. @). The substrate has
the series which means that care must be taken in interprelbeen etched in Fig.(B) but there still appears to be some
ing any roughness calculations made using the Born wavéorm of amorphous layer between the Si and the Co/Cu
approximation as it is likely that a substantial fraction of thestructure. The similarity between the multilayer images in
diffuse scatter will be missed due to the need to probe largéhe two micrographs is striking and in agreement with the
gy in reciprocal space. However, the simulation code used-ray modeling results, although direct comparisons are dif-
here is based on the distorted-wave Born approximatioficult because of the increased strain contrast in the heavily
(DWBA) which takes this into account and therefore, by“etched” film. They, and Fig. 7 below, show the lateral

TABLE |. X-ray modeling parameters for sputtered Cu/Co multilayers.

Cu spacer
Etching thickness Roughness, Correlation Fractal uncorrelated/conformal
energy(V) (nm) o (nm) length ¢ (nm) parameter h roughness
0 1.05-0.05 0.54-0.05 8.5:0.5 0.9+0.1 0.29-0.02
100 1.0720.05 0.52-0.05 8.5:0.5 0.9+0.1 0.29-0.02
300 1.02:0.05 0.54-0.05 10.6:0.5 0.9+0.1 0.29-0.02

500 1.05£0.05 0.5%0.05 11.8-0.5 1.0:0.1 0.29-0.02
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FIG. 8. In-plane TEM micrograph and associated TED pattern
from (a) an unetched antb) an etched type-B multilayer.

multilayer. The rings are not completely continuous because,
with the small diffraction aperture used, there is a restricted
number of grains being sampled by the electron beam. The
Si substrate with its native oxide is visible in the micrograph
as are the resolved {&il1} lattice fringes. The etched
sample, Fig. ), is very different. Here the diffraction by
the film is limited to short{111} arcs along thg001] Si
direction (i.e., diffraction from{111} Co/Cu planes parallel
FIG. 7. Cross-sectional TEM micrograph @) an unetched and to the film plane of the multilayér Examination of the lat-
(b) an etched type-A film with the inset showing the TED patterntice fringe contrast from the multilayer in the micrograph
containing reflectiongspotg from the Si substrate and diffraction shows that, although the texture does not correspond exclu-
features from the multilayer. sively to {111} grains oriented parallel to the substrate and
the interfaces of the multilayer, a significant fraction of the
correlation length of the surface roughness and quantitativelm is growing with a strong111) fiber axis. In-plane mi-
measurements confirm it to be of the order of that found incrographs with most of the substrate removed, Fig®. &hd
the x-ray simulations. The images also show that the inter8(b), show the grain size in the multilayer to be about 20-30
faces between the Co and Cu layers are quite sharp suggesm, and roughly the same in both the unetched and etched
ing that it is the long length scale rippling of the layers whichsamples. They also show the transition from a random poly-
contributes to the rms roughness values. This illustrates therystalline structure in Fig.(@) to a mosaic structure with a
importance of conformality in the multilayer stack. As long preferred growth along thél11) direction in Fig. 8b). The
as the roughness is conformal through the stack, the separiatensities of the rings in the inset diffraction pattern in Fig.
tion between magnetic and nonmagnetic spacers is preserv8(h) are typical of a randomly oriented fcc microstructure
thus maintaining one of the principal prerequisites for GMR.while the strond220 ring, and the much reduced intensities
Focused TEM cross-sectional micrographs and TED pater absence of the other reflections in Figb)3 is consistent
terns for the type-A films are shown in Fig. 7. Since thewith a very strong111) fiber texture.
scattering factors for Co and Cu are similar, it is not possible This change in texture is confirmed by HXRD in Fig. 9
to see any layer contrast in either of the images. Howevemnvhich shows patterns from unetched and etched B-type
the changes in bulk texture with substrate etching are vergamples. For the etched sample there is a clear increase in the
clear. Figure 7a) shows an unetched type-A sample whereintensity of the compromis€l11} Co/Cu peak over that for
the diffraction pattern contains the silicon sp@ia the[110]  the unetched sample by a factor of between 20 and 30. There
zone axi$ from the substrate and the first diffraction ordersis also a concurrent disappearance of the sf28l0} peak at
from a random polycrystalline fcc microstructure in the 20~51°. The presence of the multilayer satellite maxima

10 nm
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less careful diffraction experiments are performgdh the

change to the oriented microstructure, magnetic, and PNR
measurements show a concomitant loss of the fraction of
antiferromagnetic coupling in the multilayers as the etching
voltage increases. GIXR investigations, matched with careful
HE and detailed modeling calculations, show no significant
104 T T Y B change in interfacial roughness with etching. In agreement

] AR with the TEM observations, they show that this roughness is
conformal and is largely correlated throughout the thickness
of the multilayer.

It would seem therefore that the likely loss of GMR in our
samples is related to crystallographic orientation changes and
bulk scattering, i.e., spin-dependesyd scattering into the
U A AN split d band in the ferromagnetic layers, rather than changes
in interfacial roughness and interfacial scattering. A similar
20 (degrees) conclusion as to the relative importancesefl scattering in

FIG. 9. HXRD data from an etched and an unetched type—Bthe CQ/CU s_yst(_em has recently been publlﬁjreMany pre-

. . . vious investigations, e.g., Ref. 22, have shown that enhanced
multilayer. The inset shows rocking curves taken about the compro: . ! . . .
mise{111} Co/Cu peak. GMR is obtained in _Co/Cu multilayers sputter-deposited on

Fe underlayers. This promotes{200/220 texture and a
large GMR, whereas fcc underlayers encourddel) growth
dand a low GMR. The substrate etching experiments reported
erﬁere clearly provide the required interfacial energy match for
the growth of a very stronl11) texture.
It is obvious that we cannot comment, from the results

o
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-------- 500V Etch

°
ES

o
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°
b4
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clearly visible around the strongét11} reflection are a fur-

ther indication that the layer integrity is strongly maintaine
in the etched sample. The inset shows rocking curves tak
at the{111} Co/Cu peak for the same two samples with the

full width at half maximum decreasing with increasing etch- LS ; ;
ing energy. The sharp reduction in half width, correspondin resented in this report, on any effect that changed interfacial

to a reduced mosaic spread out of the film plane with in- oughness would have on GMR, since the interfacial rough-

crease in etching voltage, further supports the argument thaes:s of our samples is relatively constant across the series.

the etching process encourages the formation of a strongly ®WVEVer, %S ?g:entlonle_? in the I_nr:r(_)duc;uon, GMR rr]neazurbe-
textured(111) fiber axis microstructure in the multilayers. ents on LorLu mu tilayers with interfaces roug enead by
sputtering at different argon pressutes show a correlation

with this roughness, estimated from broadening of the first
Bragg multilayer diffraction maximum. Minimum roughness

We have shown that ion beam etching of the substrate ha&ms™1.6 nm corresponded to maximum GMR. There is also
a major effect on the magnitude of the GMR in Co/Cu mul-an inferred dependence on texture witf280/220 texture
tilayers sputter-deposited on silicon substrdtagthis paper  diving the best GMR. Recent measureméhtsn sputter-
(100)Si and in Ref. 14111)Si]. In our previous work, and in deposited and relatively randomly oriented Co/Cu multilay-
this report, we have shown that this change is associated wit@'s with extremely flat interfaces ay,s~0.1 nm, show dra-
a transformation of the crystalline texture of the Co/Cumatically large GMR.
multilayer thin films. HXRD and high-resolution TEM and
TED_ investigati.or!s have shown conc!usively that as the ACKNOWLEDGMENTS
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