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We propose to reconsider the correlation between the extraordinary Hall effect and resistivity by using the
skew scattering model and Matthiesen’s rule to separate contributions of different scattering sources. The
model has been experimentally tested for the cases of scattering by magnetic nanoparticles embedded in
normal-metal matrix, insulating impurities in magnetic matrix, surface scattering, and temperature-dependent
scattering.
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[. INTRODUCTION tering whenp is small(low temperatures and / or pure met-
The anomalous or extraordinary Hall effedHE) in !9 and to the side jump whemis large(high temperatures,
magnetic materials has remained a poorly understood ph&oncentrated alloys, and disordered mateyi@siperposition
nomenon since its discovery more than a century ago. Ph&f two mechanisms is presented as
nom_enology of _the effect_ is str_aightforw_ard. Hall resistivity Rene = ap + bp?, (1)
py In magnetic materials is described agy=R,B
+RepemoM, where the first term presents an ordinary Hallwhere the first term is believed to relate to the skew scatter-
effect, related to the Lorentz force acting on moving chargeéng and the second to the side jump mechanism with a pos-
carriers, and the second term presents the extraordinary Haible contribution of the skew scattering as well. A simplified
effect withM being the macroscopic magnetization gl alternative form of presentation Rgpe=ap” with n=1 cor-
the extraordinary Hall effect coefficient. Correlation betweenresponding to skew scattering=2 to the side jump, and
the Hall signal and magnetization is well established and haktermediate values £n<2 accepted as a superposition of
been used for a variety of applicatiohd.Problems arise two mechanisms.
when theoretical models are confronted by experimental Unfortunately, much of the experimental data fall far from
data, for example, when correlation between the EHE angheoretical expectations including, most notoriously, cases in
resistivity is discussed. which the power index is found to exceed 2. It has been
The EHE is, in many cases, much larger than the ordinaryecently arguet—'3that in heterogeneous systems, where the
Hall effect and is generally believed to originate from a spin-mean-free path is comparable or greater than the topological
dependent scattering that breaks a spatial symmetry in th@odulation length, the simple scaling relationship between
trajectory of scattered electrons. It has been recently proRene andp no longer holds. The Hall resistivity in heteroge-
posed that there is an additional contribution of the order ofieous systems depends on the ratio of relaxation times
magnitude comparable to that of the ordinary Hall effect andmean-free pathsn magnetic and nonmagnetic regions and
independent of any scatteridiggome models assume the car- s a result the powem may be smaller or greater than 2.
riers to be magnetic and the scattering centers'hese arguments have been used to justify higher than two
nonmagnetié; ¢ while in others the situation is reversé8. power-law values found in, e.g., Fe/Cr multilayérgn
Since scattering is responsible both for EHE and longitudinaF 2.6) and granular films of Co-AgRef. 15 (n=3.7). How-
resistivity, link between two parameters is usually claimed. ever, significant discrepancies, includimg>2, have been
Two types of scattering events are distinguished in thdound much earlier not only in heterogeneous but also in
EHE literature? One is referred to as skew scattering and isbulk homogeneous systertfs!®
characterized by a constant spontaneous afgiat which We, therefore, propose to reconsider the very correlation
the scattered carriers are deflected from their original trajecbetween the EHE and resistivity. The present work is an
tories. The predictédC correlation between the EHE coeffi- attempt to abandon the traditional link between tibtal val-
cient and resistivity isRepe=Ap+Bp?. The second term is uesof two parameters. Instead, we decompose both EHE and
frequently neglected and a linear ratio betw&pg andp is  resistivity to contributions generated by different scattering
mentioned. The other scattering mechanism, so-called sidgources and follow the correlation for each source indepen-
jump, is quantum mechanical in nature and results in a condently.
stant lateral displacemenly of the charge’s trajectory at the
point of scattering. For the side jump mechaniBayg> p?.
Because of the different dependence on resistivity of these Let us start with a simple modification of the skew scat-
mechanisms the EHE is usually attributed to the skew scatering model. Let us assume that only a certain type of scat-
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tering event gives rise to skew scattering, the rest do noi
break the scattering symmetry. We shall call the sources 0.03} o ®
which generate skew scattering as “skew” and the rest a: @
“ballast.” Let us also assume that the total resistiyitjol- fﬁp
lows the Matthiesen’s rule=pg+ps, Wherepg is the contri- f
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®

bution of skew sources ang is due to the ballast scattering 0.02
events. Justification of this assumption will be discussedg $
later. ps and py can be further subdivided if more than two & L 9
sources are involved. We consider the system in high applie(‘é~ 5
magnetic field with all magnetic moments saturated and ¢ |8 &
aligned along the field. The EHE resistivity in this saturated
state is field independent and we denote itpage. Trans-
verse current density, generated by electrons deflected by 7

skew scattering is proportional to the volume density of skew g 5 fameme™™= = = = 7 mEmeERRERRe?
center:g: J, =anJ, whereld is the longitudinal current den- 0.0 0.5 1.0

e M e R R
"

sity. Coefficient « is proportional to the skew anglé.. B (D
Transverse electric fielE, is: E, =J, p=andp=ang(pg o
+po), and Hall resistivitypgye is thus given by FIG. 1. Hall resistivity of three planar arrays of Co nanoclusters
embedded in Pt matrix as a function of the applied magnetic field.
pene = E /I = angpo + ps). (2)  Mean thickness of Co is 0.1 ngsquarey 0.5 nm(starg, and 1 nm

. (circles. T=290 K.
If pso<ng, EQ.(2) can be rewritten as

PEHE = YPoPs + 7p§, (3) talli_te.s _by Co nanocIL_lsters has no \{isibl.e effect on the total
] o resistivity of the entire series, which is of the order of
wherey is coefficient. _ 40 uf) cm at room temperature. On the other hand, the Hall
Equations(2) and (3) allow us to analyze the correlation yegistivity depends strongly on the concentration of Co clus-
between the measured Hall resistivity and scattering compQgys, Typical variation of the Hall resistivity with respect to
nents by varying only one source at time.plfis kept con-  the applied magnetic field is shown in Fig. 1 for three
stant, pee IS expected to be a linear function pf with @ gamples with effective Co thicknesses of 0.1, 0.5, and 1 nm,
slope proportional tps and residual valuepf atpo=0. If po a5 measured at room temperature. The samples are super-
is kept constant and the skew scattering tgqms varied,  paramagnetic with the blocking temperature at about 40 K.
pexe becomes a sum of linear and quadratic termpsafith  ysteresis is developed o (B) curve below this tempera-
the coefficient of the linear term proportional g Contrary e , - the saturated extraordinary Hall resistivity, can be
to Eq.(1), both linear and quadratic terms originate from the¢, ,,q by extrapolating the high-field linear slope(B) to

same skew scattering mechanism only. zero field. Figure 2 presents the EHE resistivity plotted as a

[n thg following sect'ion we pre;ent several experimentg infunction of Co-clusters planar density. pgye increases lin-
which different scattering mechanisms have been varied in Qarly with ng in agreement with Eq(2) for p=py+p
S h S

controllable way. =const

Ill. EXPERIMENTAL RESULTS AND DISCUSSION

A. Magnetic scattering centers

Correlation between the EHE resistivity and density of
magnetic scattering centers has been studied in a series «
dilute planar arrays of Co nanoclusters embedded in Pt ma _
trix. The samples were produced by the low-energy clusters &
beam deposition techniqd@2° The Co clusters are crystal-
line in FCC-phase with a narrow distribution of diameters of ‘fg
approximately 3 nm. Under and over layers of Pt films of 5 T

i ; T
and 15 nm, respectively, were deposited from an electror &
gun evaporator mounted in the same deposition chambel
The mean thickness of the Co clustérglefined as a total
deposited mass divided by density of Co, varied by two or-
ders of magnitude between 0.01 and 1.1 nm. Position of Cc
clusters in an array is random with an average center-to-
center distancé estimated as =a%?2/(2t)2, wherea is di-
ameter of clusterd., therefore, is calculated to vary in our
samples between 37 and 3.5 nm. FIG. 2. The saturated EHE resistivity of planar arrays of Co

The films are nanocrystalline and their overall resistivity nanoclusters embedded in Pt matrix as a function of Co-clusters
is mainly due to boundary scattering. Substitution of Pt crysplanar density. Solid line is the guide for eyes.

1 i
0.0 20 4.0 6.0
Co-clusters planar density (10'2cm™2)
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FIG. 3. Hall resistivity of two thin Ni films with thickness of Ps (n2em)
5 nm (solid line) and 20 nm(dotted ling as a function of the ap-
plied magnetic fieldT=4.2 K. FIG. 5. Contribution of the surface scattering to the EHE resis-

tivity of thin Ni films as a function of the respective contribution to
longitudinal resistivity. Serie¢a) has been measured at three tem-
peratures: 4.2 K, 77 K, and 290 K, and serigs at 77 K and

The effect of surface scattering on EHE has been290 K. Solid lines are the guides for eyes.
studied? in series of thin Ni films with thickness of the order
of the electronic mean-free path. Typical dependence of th&herepeye andpgpe, are the EHE resistivity of a given film
Hall resistivity on the applied magnetic field is shown in Fig. and bulk, respectively. Figure 5 presepigiessas a function
3 for two films with thickness of 5 nresolid line) and 20 nm  Of pssfor two sets of Ni films prepared under different depo-
(dotted ling measured at 4.2 K. Following the sition conditiongresistivity of the thick sample in serié€b)
Fuchs-Sondheimé&? size effect model, external surfaces im- is about three times higher than that in sefi@g. Series(a)
pose a boundary condition on the electron-distribution funchas been measured at three temperatures: 4.2 K, 77 K, and
tion, which enhances the intrinsic, thickness independer290 K, and seriegb) at 77 K and 290 K. The variation is
bulk resistivity p, to a thickness-dependent resistivityThe  independent of temperature and is linear for both series. It is
total longitudinal resistivityp and the extraordinary Hall re- in agreement with Eqg2) and(3) for the case in which the
sistivity pgye of a typical series of Ni films measured at ballast resistivity is varied and the skew subsystem is kept
room temperature is plotted in Fig. 4 as a function of film’s constant.
thickness. Both resistivities are constant in samples thicker
than 100 nm and the latter is taken as the bulk value. The C. Insulating nonmagnetic impurities
surface scattering term can be extracted explicithypgas p
-pp- In a similar way, the contribution of surface scatteringte
to the EHE resistivity can be found @gness PEHE™ PEHED

B. Surface scattering

The case of insulating nonmagnetic impurities has been
sted by adding silica into nickel. Series of Ni-Sifilms
were prepared by codeposition of Ni and $i® a two-gun
% 1o epeam deposition chamber. More details on fabrication of
: this type of material have been reported elsewRéndor-
e © 1 phology of disordered mixtures, such as Ni-gi@hanges
408 dramatically as a function of Sironcentration. The size of
silica clusters increases, fractal structure is developed and,
— finally, the percolation threshold is reached. In the present
experiment we tried to avoid these complications and limited
the concentration of SiQto a few volume percents only,
such that Ni matrix was kept far above the percolation
threshold. Resistivity generated by Sifdclusions has been
defined aspsio, =P~ PNis where p is resistivity of a given
o sample angby; is resistivity of a pure Ni sample prepared in
] the same deposition conditions and measured at the same
ol . b L1100 temperature. The contribution of Si@npurities to the EHE
0 20 40 60 80 100 S . L
] resistivity is calculated in a similar way ABEHE Si0,~ PEHE
thickness (nm) . . L .
- peneni With the same meaning of |nd|ce,%HE,Sio2 is plot-
FIG. 4. Longitudinal(p) and EHE(pgng) resistivity of a series  ted as a function opsjo, in Fig. 6 for 77 K and 290 K.
of thin Ni films as a function of their thicknes$=290 K. Similar to the case of surface scattering, the result is consis-
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FIG. 6. Contribution of Si@impurities to the EHE resistivity of ho.'.oooooJ 0.9
a series of Ni-Si@films as a function the respective contribution to .&w“o.d
longitudinal resistivity. T=290 K, open circles; an@i=77 K, solid 2F ’.'5‘
circles. Solid line is the guide for eyes. K
_ e oM Jos6
tent with the situation in which skew subsystem is kept con- 8 35. ® oy <~
stant and ballast resistivity is modified. :i S E
21 -g <
D. Temperature-dependent scattering & S {03 =
Correlation between the temperature-dependent compo
nents of the EHE coefficient and resistivity has been studiec
using dilute planar arrays of Co nanoparticles embedded ir
Pt matrix. Dilute arrays witla=3 nm and mean thickness 0 100
=0.1,0.05, and 0.01 nm, corresponding to average interclus 00 : 0'5 : 1'0 . 1'5 . >

ter spacing of about 11.6 nm, 16.4 nm, and 36.7 nm, respec
tively, demonstrate identical normalized(B) curves, which (b) BM
indipates Fhat the_density of C_o cl_usters is_sufficiently lowt0 £ 7. The EHE component of the Hall resistivi(B), mea-
avoid their coupling. Magnetization of thick samples pré-greq in 4 planar array with a mean Co thickness of 0.05(bm
pared by codeposition of Co clusters and Pt matrix in the< 15 4 nn— (left-side axis, solid dojsand magnetization of the
same installation and by the same technique we used h@§ck Co-Pt sample (4% volume of Co corresponding to
been measured by vibrating-sample magnetometer and re=7 nm— (right-side axis, open circlgss a function of the ap-
ported in Ref. 20. Correlation between magnetization and thgjied magnetic field ata) 1.5 K and(b) 150 K. Magnetization data
EHE resistivity in dilute samples is demonstrated in Fig. 7.are reproduced from Ref. 20.
Here, magnetization of the thick Co-Pt sample, reproduced
from Ref. 20(4% volume of Co corresponding to~7 nm)  of 0.05 nm(L~16.4 nn) between 1.5 K and room tempera-
is plotted together with the EHE component of the Hall re-tyre. The temperature dependence of resistivity is shown in
sistivity py(B), measured in a planar array with a mean Cothe same temperature range in Fig. 9. Bptand Rg,e be-
thickness of 0.05 nnfL~16.4 nnm). Both axes are, respec- have similarly as a function of temperature: they saturate to
tively, normalized. Results are shown for two temperaturesthe residual value at low temperatures and increase gradually
1.5 Kand 150 K. Correlation between two types of measurewhen the sample is heated.
ments is perfect which allows us to use the magnetization Prior to focusing on the extracted temperature-dependent
data to calculate the extraordinary Hall effect coefficientcomponents of the EHE and longitudinal resistivity, it is il-
Rene(T) as: Repe(T) = pene(T)/ 1oMsa T), whereMqo(T) is luminating to view a traditional presentation of the total
the saturated high-field magnetization reported in Ref. 20Rg, ¢ as a function of the totagb in linear and log-log plots
(Exact matching of the reference magnetization and EHEvhen temperature is varied. In addition to our results with Ni
resistivity is found in all dilute arrays regardless their con-and Co-Pt samples, we reproduce several sets of data re-
centration, as expected for systems with uncorrelated magsorted earlier for a range of magnetic materials. These in-
netic clusters. clude thin films of iron(19 and 75 nm thick?* polycrystal-

The extraordinary Hall effect coefficiefg(T) is plot-  line iron films?®> Ni films,?® sputtered Pt/Au/Co/Pt
ted in Fig. 8 for the Co-Pt sample with a mean Co thicknessandwicheg! Fe/Cr multilayers with variable interfacial
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FIG. 8. Temperature dependence of the EHE coeffidReppg of
the Co-Pt array sample with the mean Co thickness of 0.05nm ;41
(L=16.4 nm. '
roughnes$? textured Fe/Cr multilayers grown by electron-
beam evaporatidfi, Co/Cu superlattice®¥, and Fe-Ag Ty -02}
granular alloys® Two latter systems demonstrate large mag- ;
netoresistance and we refer to their resistivity in the saturate(
high-field stateRg of all the mentioned materials, normal- \E 04l
ized by their maximal values at the highest reported tempera% e a
tures (room temperature in most cagds plotted in Fig. <= A B
10(a) as a function of the respective resistivity. The same
data in log-log scale is shown in Fig. @) with resistivity of 0.6
each sample normalized by its highest value. Distribution of
slopes in the latter plot, identified with power indicesis o4 ' y) ' )

disturbingly wide: from 0.8 in one of Pt/Au/Co/Pt

sandwiche¥ to 2.6 in Fe/Cr multilayers?

The temperature-dependent componemtsand Repe,

108(0/P )

FIG. 10. Normalized values of the total EHE coeffici®gat g as

have been extracted by subtracting the respective reSidl_“'Qlfunction of the total resistivity (a); and as a function of the
values at the lowest measured temperatures. The resultingspectively normalized total resistivityin log-log scale(b), mea-

Rengn normalized by their maximal values at the highestsreq at different temperatures. Symbols indicate: «, Co-Pt arrays;
reported temperature is plotted in Fig. 11 as a function of thes Fe-cr multilayersRef. 5; +, Fe-Ag granular alloygRef. 19;

O, @, ®, three Pt/Au/Co/Pt sandwichéRef. 16; B,O, Fe, films

(19 and 75 nm thick(Ref. 13; A, Ni films (Ref. 15; [0, Co-Cu
superlattice(Ref. 18; @, polycrystalline Fe films(Ref. 14; @,
Fe-Cr multilayergRef. 17.

respectively, normalizeg,,. All sets of data seem to collapse
along a straight line, which means that for each of these
materials the ratio between the temperature-dependent com-
ponents of the extraordinary Hall coefficient and resistivity is
close to be constant. It should be noted that this result is not
a trivial consequence of a possible smallness of, Bgig

as compared witlRge(T=0). In fact, Rgye varies signifi-
cantly with temperaturgsee Fig. 108)], the ratio between

the helium and room temperature values is about 0.3 in, e.g.,
Fe (Ref. 24 and Co-Cu superlattic#8,0.5 in Fe-Ag granu-

40
[o]
®

35+
— [e]
g
E: ]

30 -

(o]
25 pO ° 1 1 1 1 1
0 50 100 150 200 250
T(K)

lar alloys® and our Co-Pt arrays; and 0.7 in Pt/Au/Co/Pt
sandwiched’ The range of resistivity is also widgFig.
10(a)]: resistivity of Ni (Ref. 26 increases from about 4 to

FIG. 9. Temperature dependence of resistivity of the Co-Pt arrajl2 u{) cm, Co-Pt array from 25 to 4R cm, and 19 nm

sample with the mean Co thickness of 0.05 (im=16.4 nn).

thick Fe film?* from 70 to 130u() cm.
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lation of the type[Eq. (4)] has been predicted at high tem-
1.0 o peratures only above the Debye temperature, where
& resistivity is expected to vary linearly with temperature. It
should be noted that we find a linear correlation between
A Renem and py, in the entire measured temperature range,
including the low-temperature limit where resistivity satu-
. o rates to its residual valugsee Fig. 6a)].
% A“’@ Few words need be added to justify our use of Matthies-
en’s rule. This phenomenological rule is widely accepted as a
useful approximation by which the resistivity of metal can be
w0 presented as due to both the temperature-independent re-
ne sidual resistivity(due to defectsand phonon scattering. This
a 05% assumption is valid if the two scattering mechanisms operate
8 independently—that is the scattering by imperfections is
P T S temperature independent and there are insufficient imperfec-
0.0 0.2 0.4 0.6 0.8 1.0 tions to significantly affect the phonon scattering. The rule
Pl Pt e can be further subdivided if there is more than one type of
’ imperfection(e.g., grain boundaries and surfaéég). De-

FIG. 11. Normalized values of the temperature-dependent comviations from Matthiesen’s rule due to the interference terms
ponent of the EHE coefficien®eye, as a function of the respec- are suppressed at high magnetic figtdshich is the range
tively normalized values of the temperature-dependent term of rewe discuss. In heterogeneous magnetic systems, demonstrat-
sistivity py,. Symbols indicate the same selection of materials as inng the so-called giant magnetoresistan€é&MR) effect,

Fig. 10. Matthiesen'’s rule is replaced by the two-current model rep-
resenting a parallel flow of electrons with spins up and down.

Seemingly universal linear variation ®gyg ¢ With py, However, at high magnetic fields when magnetic moments of
manifested in Fig. 11 should be taken with caution. In mathe system are aligned, the resistivity is given byp 1/

jority of casesRenen is fitted better by a two term expres- =1/p;+1/p;, wherep; and p, are resistivity of electrons
sion with spins up and down, respectively. Large GMR effect is

due to a large inequality op, and p;, and the high-field
Rene.n = apim + bpd,, (4)  resistivity can be roughly approximated as due to dow-
es) component only:p~p,. Therefore, Matthiesen’s rule
where the absolute values bfare much smaller thaa. If,  can be considered as valid in the high-field limit with only
alternatively,Reyen is presented aBeyem=Cpy,, the power  one type of carriers left.
indexn varies betweem=0.9 in Fe-Ag granular alloy¥ to Analysis proposed here might help to resolve several
n=1.2 in Co/Cu superlatticésand iron films* which can  puzzles left by the traditional treatment of experimental data.
be interpreted as a dominance of the linear tegpg,. In We shall mention just few cases. Cautgtal?” studied the
some cases deviation &g VS pyy from linearity is sig-  extraordinary Hall effect in Pt/Au/Co/Pt sandwiches with
nificant, e.g., in Co/Pt superlattlces reported by Canedy variable width of the Au layer. The authors tested the validity
al.®%, and the quadratic terip§, cannot be neglected. In the of Eq.(1) and noticed several unexpected featu(gslespite
framework of our model all the temperature-dependent daténe high resistivity of their samples the skew scattering con-
are consistent with the situation in which the residG&l tribution ap was always dominant(ii) while coefficienta
=0) value of Rgye and an almost linear slope &:pe, VS was found to increase slightly with thickness of gold layer,
P curve is determined mainly by the core skew subsystentoefficientb decreased strongly and even changed sign. We
and the deviation from the linearity is due to a relatively have reexamined the same data by separating the residual
small skew scattering contribution of the thermal disorder. and the temperature-dependent components. The
Both phonons and thermal spin disorder have been mertemperature-dependent terms of all three samples have been
tioned as possible sources of the EHE. Following Kagan anfbund to collapse on a single curve following Ed) with
Maksimo?? the phonon contribution is expected to be neg-a=0.95+0.05 and=0.08+0.05. The difference between the
ligible as compared with that of magnons. However, our dataamples lies in their residual low-temperature resistivity and
provide no evidence for the role of magnons. At low tem-not in the temperature-dependent terms.
peratures the latter are expected to be suppressed by high The effect of interfacial roughness on EHE has been stud-
magnetic fieldgT< 15 K for B>15 T). In our experiments, ied by Korevinskiet al?® in a series of Fe-Cr multilayers.
both Hall and longitudinal resistivity were measured up toExperimental data have been collected as a function of tem-
16.5 T andRze Was extrapolated from this high-field range. perature and approximated IRtye=ap". For the “smooth-
No change in behavior is marked when temperature is raiseelst” sample one calculatet= 2.0, while for the “roughest”
from 1.5K to room temperature. We are, therefore, inclinedsamplen~2.3. The authors concluded that tRe,z p? re-
to believe that the observed modest temperature-dependdationship is not unique, larger corresponds to increasing
contribution to the EHE coefficient is due to phonons. roughness and, therefore, larger roughness leads to stronger
Temperature dependence of EHE in magnetic granular atemperature dependence. Decomposition of the same data to
loys has been recently treated by Granovskyal33 Corre-  the residual and temperature-dependent terms leads to a dif-
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ferent conclusion: the temperature dependence is identicéivity might be an erroneous parameter in particular when its
for all samples. There is no dependence of the thermal consignificant part is contributed by scattering with negligible
ponent on roughness, which is consistent with our concluspin-orbit interaction. We were successful in analyzing much
sions about the surface scattering component in Ni filse®  of experimental data using the skew scattering mechanism
Fig. 5). . _ . only. The analysis was successful also in high-resistivity sys-
In one of the first and widely cited works on transport tems where the side jump mechanism is automatically taken

properties of granular ferromagnets, P. Xioeg al’® re- 45 the only dominating source of the EHE.
ported a surprisingly high index=3.7 in a power-law cor-

relation pgye= ap” between the Hall coefficient and longitu-
dinal resistivity of a granular Co-Ag system. The data were
accumulated by thermal treatment of samples with a constant To summarize, we have abandoned the traditional com-
volume concentration of Co at different annealing temperaparison of the total values of the extraordinary Hall resistiv-
tures. Annealing affects the system in many ways: Co crysity and longitudinal resistivity. Instead, we analyzed the cor-
tallizes, grains coalesce, their size increases, and density gélation between the two parameters by decomposing them
clusters decreases, respectively. Simultaneously, dislocations contributions generated by different scattering sources.
in the matrix are healed and resistivity decreases. Nevertherwo types of scattering sources have been distinguistipd:
less, following the common tradition, none of these detailsskew sources that give rise to skew scattering, @ndallast
have been treated separately and only the overall final resigources that do not generate skew scattering by themselves
tivity has been correlated with the total Hall effect. The put contribute linearly to the EHE when additional skew
power index 3.7 emerged and stimulated new theoreticadources are present. The extraordinary Hall effect is obtained
efforts!3 Accurate separation of parameters in the frameworkas a combination of resistivity terms of both types of sources.
of our model is impossible in this experiment; however, thelnsulating impurities and surfaces are identified as ballast
overall interpretation might be quite simple. An average sizescattering sources. The temperature-dependent contribution,
of Co clusters has been observed to grow with annealingrobably that of phonons, can be considered as close to being
from 2 nm to 13 nm. The volume density of Co clusters hasballast with a relatively small self-skew scattering. All data
therefore, reduced roughly by a factor of 300, which is condiscussed, measured in a variety of magnetic materials both
sistent with the observed reduction @f,, uncorrelated to  new and previously published, can be fairly interpreted in the
the change of resistivity. framework of the proposed modified skew scattering model
It is an almost general perception that low-resistivity sys-without involving the quantum side jump mechanism.
tems can be treated by the skew scattering model, whereas
the side jump model must be applied in all other cases. One ACKNOWLEDGMENTS
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