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Understanding correlations between chemical and magnetic interfacial roughness
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By studying the variation in magnetic interfacial structure using diffuse x-ray resonant magnetic scattering,
underlying connections between the chemical and magnetic interfaces are uncovered and utilized to understand
how intrinsic magnetic properties influence the behavior of magnetic interface. By considering the effect of
competing magnetic energiédipolar, anisotropy, and exchanga the rough interface, it becomes clear how
magnetic forces can lead to a reduction of the magnetic interfacial dis¢8Et63-18209)51638-X]

With the rapidly expanding number of applications for increases dramatically as the thickness of the Cu buffer layer,
magnetic thin-films structurésa proper understanding of the X, is increased. In both sets, the perpendicular roughness of
connection between magnetic properties and interfacial dighe CoFe layer showed the same variation from 4 to 28 A
order is extremely important. In spin transport effects, suchims as the Cu buffer thickness ranged from 200 to 1608 A,
as giant magnetoresistan¢&MR),?> roughness alters the but differing growth processes resulted in a different range of
amount of spin-dependent scattering events causing a modiain sizes.
fication of the observed GMR? In the case of exchange The interface structure was probed by soft x-ray refle_cti\_/-
bias' there is evidence that in some systems the underlyingy measurements conducted at the NRL/NSLS magnetic cir-
physical mechanism is related to uncompensated Spirgula_tr dichroism faC|I|t§/. located at beamline U4B of the
present at the ferromagnetic-antiferromagnetic interface dubational Synchrotron Light Source. For these measurements
to roughnesé&.In both cases, it is clear that the important the degree of circular polarization was set to 75% and, since
factor is not the chemical disorder present at the interface bifi€ resonant scattering can vary significantly with only a few
rather the magnetic disorder. ev change in incident photon enertiy*3the energy resolu-

Evidence for differing chemical and magnetic interfacestion was 0.8 eV. The sample was mounted in the gap of an
was first observed qualitatively with neutron scattering,€l€ctromagnet inside a vacuum-compatibte26 diffracto-
where the damping of the reflectivity was found to bemeter that has been described elsewfergamples were
smaller for the magnetic scattering than for the chemicapriented with the field along the magnetic easy axis, and data
scattering”*indicating a smaller magnetic interfacial disor- Were taken in the presence of-al00 G field, which was
der. Using the strongly enhanced magnetic component due gyfficient to achieve magnetic saturation. All measurements
soft x-ray resonant magnetic scatteridRMS),**"*>similar ~ Were taken at a photon energy equivalent to theLgab-
qualitative evidence of smaller magnetic roughness was als®rption edge(778 eV), which, in addition to making this
seen using specular XRM$ Quantitative determinations of Measurement element specific, leads to strong attenuation of
the magnetic roughness were recently achieved with meacTays in the CoFe layéf and introduces a depth selectivity.
surements of soft x-ray diffuse XRMS,*but due to a lack For these samples, the measurements were made at grazing
of theory the analyzed magnetic roughness was not properijicidence (o=0—1°) and thus probe predominately the
extracted and in the end was overvalued. In this papertop CoFe/Cu interface.
proper extractions of magnetic roughness are presented and The magnetic and chemical roughness information in
used to uncover correlations between the chemical and m;ﬁjese structures was quantitatively determined through
netic interfaces that can be modeled to give insight into howp€licity-dependent sample rocking curveege inset Fig. 1
the magnetic disorder is related to intrinsic structural andn this geometry, the detector is placed at a fixed angle 2
magnetic properties. and the incident angley, is varied from O to 2. In terms of

In order to study the relationships between magnetic anthe transferred wave vectoq (=I20ut— IZm), at these photon
chemical interfaces, two sets of CoFe alloy thin films werewavelengths, the normal component,, remains approxi-
utilized in which chemical roughness could be accuratelymately constant while the in-plane componeqy, varies.
tailored. The samples were prepared by triode sputtering oRigure 1 shows the results for the measurements taken with
Si substrates coated with 2500 A of atomically flat insulatingan incident light of negative helicity and with the sample
Si;sN, (roughness~1.5 A rmg®® with the following struc-  magnetically saturated so that the helicity and magnetic mo-
ture: Cu30 A)/CoysFe(50 A)/Cuix A)/SizN,. Due to  ment are alignedl() and antialigned I("). Of interest to
growth dynamics, the rms roughness of Cu grown gjNgi  the study at hand is the separation and correlation of the
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% (3D FIG. 2. Diagram of chemical and magnetic interface that gives
FIG. 1. The sum *+17) and difference (* —1~) rocking rise to the diffuse scattering in E¢L). The quantities in the figure

curves constructed from the helicity-dependent data measured at tifée defined in the text.

Co L5 edge(778 eV) with g,=0.0686 A(20=10). The inset dis- o o )
plays the measurement geometry. distinctly smaller slop€0.73 indicating that, as the interface

becomes chemically rougher, the magnetic interface tends to

chemical and magnetic contributions of the helicity- smooth more significantly. To understand this connection
dependent scattering. As will be seen below, although th@nd uncover what factors might be important in influencing
average of the two scattering intensitié$ ¢-1 7)/2 gives the ~ the magnetic interface, consider how the roughness might be
chemical scattering, the differencé*(~17) is not purely —connected to the magnetic energies in the system. The pres-
magnetic in origi> From these scans, the roughness per£nce of magnetic interfacial spins adds a new dlmf_ensmnah_ty
pendicular to the plane of the filng;, is extracted from the !0 the problem because moments are vector quantities, which
specular vs diffuse intensities, while the in-plane correlatiorfan possess disorder both in magnitude and orientation; so it
length, ¢, is extracted from the half width of the diffuse IS first worthwhile to discuss the meaning of magnetic rough-
portion1824 ness. _ S

To properly understand and analyze the scattering from a N the end, all of the interfacial disorder probed by the
rough magnetic interface, it is necessary to utilize a theory ofcattering is contained in the structure of the interface,
scattering from a rough surface for the resonant magnetién(X.y) (see Fig. 2 where theo}= (zn(x,y)?) and &y is
case(i.e., off-diagonal terms in the dielectric teng6twhich ~ determined by the length scale of magnetic correlations in
for this study involves a longitudinal scattering geometry.the plane. However, magnetic scattering is related not only to
This result provides a form for the scattering factor that carthe magnitude of magnetic moment but als&toM, where
be utilized to determine the proper extraction of the params; is the photon helicity andl is the magnetic moment,
eters describing the magnetic disorder. The first result of thigyhich implies there are orientational as well as spatial con-
theory is that the difference measuremebit=1"—1", is  triputions to the shape of the magnetic interface. Unfortu-
not purely magnetic in nature and contains both chemicahately the theory above deals only with a scalar quantity,
and magnetic contributions. Within this theory the scattered, (x vy, and is not capable of calculating the scattering from

diffuse intensity is given by a distribution ofM directions® It is also worth noting that
A(E) sy sinc_e the_measurement of_magnetic rqughness requires the
Al(G)~ —5-[c0g26— w)+cog w)cog26)]e %(octom/2  reorientation of the magnetic moment, if some spins always
z remain fixed they are not included in td measurement.
However, in the CoFe system the exchange cost is signifi-

Xf f dxdy(leCcm(x,y)_1)e*i0ﬂ|-ﬁ, (1) cantly large so it would be difficult for interfacial spins to
Cc m

where A(E) is related to the energy dependent scattering ﬂs
factors,o ando,,, denote chemical and magnetic roughness, ©
c andmrepresent integration over the chemical and magnetic 8
surfaceg z(x,y)], Ccm(X,Y) is the chemical-magnetic corre- -?n
lation function defined aéz,,(x,y)z.(0,0)) (see Fig. 2, and é
p is a distance vector in the plane of the fil@(x,y) is an P
important factor in the scattering because it indicates that k5
only if the chemical and magnetic interfaces are correlated Eﬂ
do they give rise to diffuse intensity in thel measurement. =

Because the chemical roughness)(is already known from
the (I"+17) measurement, the magnetic roughness,)(
can be extracted from the integrated difference spectra. FIG. 3. Magnetic perpendicular roughness,, as a function of

To illustrate correlations between the magnetic andchemical roughnessr.. The linear fit(dashed ling demonstrates
chemical perpendicular roughness,, is plotted as a func- how the magnetic interface tends to smooth as the chemical inter-
tion of o in Fig. 3. On this plot in whicho, is a line of  face grows roughe(solid line). Open and closed symbols represent
slope 1, the magnetic roughness on average clearly hasti@e two separate sets of CoFe thin films described in the text.

Chemical Roughness o, (A)
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remain fixed upon reversal of the bulk moment. Because in ET ,_§'_, ]
this system the interfacial roughness is due to the underlying < 1400§ o Eem Ec +260 A\ _________ 3
substrate and not to intermixing at the interf&&eery little wr 5 F
quenching of the moment at the boundary should occur and E 1200F 3
the disorder can be considered as a first approximation as §n E
being purely orientational in origin. Roughness in terms of = 1000F 3
interfacial spins would indicate that aligned spins correspond 2 ]
to less disorder and would lower the values for the rough- 3 800F E
ness. 3 3
With this in mind, consider two limiting cases within a 600 80011000 1900
simple model that can aid in understanding how magnetic Chemical Correlation Length ( &, ) (A)

energies can alter the magnetic interfaceT e spins are all

aligned with the bulk moment satisfying exchange and an- FIG. 4. Chemical-magneti¢., as a function of the chemical
isotropy, but induced magnetic charge at the rough interfaceorrelation length&,. The magnetic in-plane roughness tends to
results in a dipolar energy contribution) 2his case can track with & (solid line) as indicated by the dashed line represent-
quench this induced surface charge by randomizing the spiing &+260 A. The open and closed symbols represent the two
directions at the expense of exchange and anisotropy. In thgeparate sets of CoFe thin films described in the text.

way the dipolar energy will compete with the exchange and . .
anistropy to determine the lowest energy configuration of thgent differences caused by the magnetic interface. Because

interfacial spins. This implies that material parameters, suchntereSt lies in the connection between the chemical and

55 exchange srngh. ansotopy, K. and the sauraion 0% JSUCEE, onaceey o clon ofs s To
moment,M, should be important parameters in determining_" P

o, - The exchange cost will always be the dominant energ .nd difference measuremeﬁ?s_f)n average, the wo cqrrela-
in the system and will force an alignment or partial align- lon Iengt_hs track together with a _con_stant separation. Be-
ment of the spins resulting in a decreasing disorder. Th(?aust?C gl\ées a mg?sure ﬁf the.gra|r|]1 S'Zﬁ’ tfhe enhar{gg,q .
relation betweermr,, and o stems from the fact that increas- ;:an t'e un ?rstgo b romé t?]pomt.t ?)tt ed erromﬁ_grr:e_tm In-
ing chemcial disorder will result directly in an increase in eraction extends beyon € grain bounadary, which 1S ex-

surface charge that must be compensated to balance the to anted since the grains are _magnetl_cally_ Interacting. If the
energy of the system ength scale of the magnetic coupling is independent of

Utilizing this simple idea, one can consider general infer_roughness, theidy, will track directly with the grain size.

ences concerning the connection between the magnetic arW'th this picture, the behavior of the data can be maiched

chemical disorder. Even if the chemical interface remainsqu'tfa well by a I!ne representing; + 260 A (the das'hed' line
constant, altering the material parametefs K, M., etc) In Fig. 4). In reality, becausé,,, represents a combination of

either through the environmental conditiofesg., tempera- g;fefet:gfcrensfﬂ?ggrcrfsndoﬁzetgn;C?;rcZirsﬁgggcl)%nﬁ%thvsv’hit?ﬁ true
ture) or types of materials will result in a variation irn,,. As P g ’

a conceptual example consider the comparison of Co and NF of the order of the ferromagnetic interaction lengfth.

interfaces that have identical chemical interfaces. If we as- " conclusion, this work has illustrated the connection be-
%:/een the disorder for the chemical and magnetic interfaces
i

sume that Co and Ni possess the same in-plane anisotrop hd given insight into how magnetic energies can influence
the lower Ni exchange constant should cause the Ni interfac 9 9 9 9

to be magnetically rougher than that of the Co. This demon- e magnetic interfacial disord_er. Such a conne<_:ti0n_ Opens
strates clearly the assertion that characterization of only thg1e doorto a bet_ter_understandlng of hov.vllnterfamal disorder
chemical interface is insufficient to understand fully the in-' connected to intrinsic magnetic quantities.

fluence of disorder on the magnetic properties. The author(J.W.B would like to thank S. K. Sinha, V.

In the case of in-plane magnetic disorder, extraction of theChakarian, L. See, and J.-M. Tonnerre for insightful discus-
true magnetic correlation lengtlf,,, is difficult due to the sions. This work was supported by the Office of Naval Re-
mixture of chemical and magnetic scatterfigyut differ-  search and partially supported by the U.S. Dept. of Energy,
ences between the chemical and chemical-mag@etapre- under BES, Contract No. W-31-109-ENG-38.
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