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Domain-wall scattering in epitaxial FePd ordered alloy films
with perpendicular magnetic anisotropy

D. Ravelosond, A. Cebollada, and F. Briones
Instituto de Microelectronica de Madrid, Isaac Newton 8, PTM, 28760 Tres Cantos (Madrid), Spain

C. Diaz-PaniagudM. A. Hidalgo, and F. Batallan
Instituto de Ciencas de Materiales de Madrid, CSIC, Cantoblanco, 28049 Madrid, Spain
(Received 26 October 1998

Domain-wall scattering in a FePd-ordered alloy film with strong perpendicular magnetic anisotropy has been
investigated using magnetoresistance measurements on a whole hysteresis loop and as a function of tempera-
ture. A strong correlation between the hysteretic behavior of the resistivity due to domain walls and the
magnetization process is found. The data are well described by a spin-dependent electron scattering model.
This study establishes that this phenomenon can be used to identify directly magnetization reversal dynamics
and electronic transport characteristics in materials with high magnetic anisdt8f63-1829)07805-4

Domain-wall(DW) scattering as well as the extraordinary tivity is enhanced in the presence of domain walls. We com-
Hall effect(EHE) are physical properties that reflect both the pare our results to a recent model for wall scattering.
electronic transport characteristics and the magnetic nature The samples were prepared on polished NI sub-
of a ferromagnetic material. The study of these phenomena istrates by a UHV triode-sputtering system. They consist of a
very powerful because it can provide direct information1000 A thick epitaxial FgPdy(001) layer grown on a 350
about magnetization reversal or domain-wall dynamicsA thick Pt (001) buffer layer and capping by 50 A of Pt. In a
Whereas the EHE has been extensively investigated in ferrgyrevious study, we demonstrated thatgPek, films with a

magnetic metals and alloysand recently in magnetic high degree of chemical order can be obtained by tuning the

r_nultllayers, scattering by DW has not received proper atte”'growth temperatur®. Figure 1 shows the magnetization
tion (except the early work of Cabrera and Falitand

2 ; curves measured with the field applied either parallel or per-
Bergef‘) due to the difficulty to measure directly and unam- pendicular to the film plane for an ordered alloy film. The

E)ég_%%ui%.the contribution of such small magnetic objectsvalues of the demagnetizing energyrlﬂli, the anisotropy
Recently the additional resistivity due to DW scatteringUMiaxial constanK, and the estimated wall thickness,
was calculated by Levgt al5 with the same Hamiltonian as '€ listed in Tl%ble | for the FePd-ordered film and for a
used in the giant magnetoresistan¢6MR) two-spin- typical Co film=" The FePd_lg ordere_zd tetragonal structure
channel model. They predicted that the resistivity is enleads to a magnetocrystalline anisotropy, of 1x10’
hanced in the presence of domain walls. Such a predictiogrg/cn® larger than the demagnetizing energy, which keeps
has been experimentally reported by Gremqal® who ob-  the magnetization perpendicular to the sample. This large
tained a direct indication of the DW contribution to the re- anisotropy gives rise to a small wall thickness of 100 A. For
sistivity in a striped domain structure in a Co film with large comparison the wall thickness in Co films of Ref. 10 is esti-
perpendicular anisotropy. The interplay between magnetimated to be 150 A. In the inset to Fig. 1, it is shown a detail
and transport properties was not clear because the hysteresisthe positive branch of the magnetization of the ordered
which is an indication of the magnetic nature of the phenomalloy. The shape of the curve indicates that the film is not
enon, was not investigated in detail. In addition, no temperahomogeneously magnetized. From Kerr microscopy, the
ture dependence of the phenomenon was studied. Also, amagnetic structure is seen to be divided into alternatively
other recent experimehtusing MR measurements in Fe small up and down magnetized domaifstripe domaing
nanowires reports that the resistivity decreases in the presvith a characteristic width of 120 nm. These values are in
ence of DW’'s. While a negative contribution is consistentagreement with those measured recently in FePd films grown
with quantum transport theofythe results are difficult to by molecular-beam epitaxy.
reconcile with this theory. In Ref. 7 the DW contribution has  The magnetoresistance was measured in a high-field cry-
not been directly determined but isolated from that due tastat by the typical four-point technique with the current
anisotropic magnetoresistanddMR) and ordinary MR applied in the plane of the films and the magnetic field per-
(Lorent2. pendicular to the samples. Figuréap reports the typical
This paper is devoted to the detailed investigation of DWresistivity loop for the sample of Fig. 1 measured at 4.2 K.
scattering in a thin ferromagnetic film. We use a striped do-Generally, as the current and the magnetization remain per-
main structure in a FePd ordered alloy film with strong per-pendicular on the whole field loop the anisotropic magne-
pendicular magnetic anisotropy. We observe directly the extoresistancdAMR) is absent. However, even if the anisot-
tra resistivity due to DW on a complete field hysteresis loopropy is large, closure structure at the surface with the
and for a wide range of temperatures. We find that the resignagnetization in the plane of the sample can give an AMR
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FIG. 1. M-H curves determined by VSM measurement with the field perpenditdéd line) and paralle(dot line) to the film plane for
a FePd-ordered alloy film witB=0.8. The order paramet&has been determined by x-ray measuremé&sits0 for a disordered alloy and
S=1 for a perfectly ordered allgyRef. 9. The inset shows the positive field branch of the perpendicular magnetization of the ordered alloy
whereHy is the nucleation fieldHg is the field of saturation, anH¢ is the field of equilibrium.

contribution to the MR. By measuring the MR in transverse perpendicular strip domaifstage 1. The magnetoresistance
and longitudinal geometrié$,we have verified that such an plateau seen in Fig. 2 which corresponds to the linear in-
AMR contribution was negligible in our sample. In addition crease oM with H as indicated in Fig. 1 is characteristic of
we found that ordinary MRLorent2 only contributes to the easy domain-wall propagation: the width of the domains
resistivity above 2 T. The extra resistivity seen in Figa)2 with their magnetization vector parallel to the applied field
only arise from scattering at the domain walls. As seen inpcreases and the width, of the reversed domain decreases.
Fig. 2(b) which presents a detail of the positive branch ofthe fact that the resistivity remains constant indicates that
Fig. 2(a), the most striking feature is the hysteretic behaviory,o density of the domain walls is conserved, i+ d,

of the res_ist_ivity very similar to the magnetization one. Theremains constant in such processage 2 By further in-
phgracten_shc f|e_|ds of thg hysteresﬁE  Hs, a”,d Hy as creasing the field, a strong decrease of the resistivity is ob-
indicated in the inset to Fig. 1 and in Flg(b; are Ident|_ca_1l served because near saturation the walls are destroyed due to
for both processes. Interestingly, the resistivity exhibits ay rapid enhancement of, (stage 3. This behavior is con-
singularity atHy as well as the magnetization loop. Here let gictant with the model developed by Kooy and Erip in-

us d|squss the mterp_lay betwegn magnetic and tra_nspo érpret the process of domain motion for films with perpen-
properties. The zero-field state is a maze configuration o icular anisotropy. Now starting from saturation and

decreasing the fieldstage 4, a steep enhancement of the
TABLE I. Values of the uniaxial anisotropy constait,, the  resistivity is observed at the nucleation figtt,. This sin-
demagnetizing energy2V3 and the wall thickness,, for a FePd-  gularity of the resistivity shows that a great number of do-
ordered alloy and for a typical Co filtfRef. 10. The wall thickness  main walls are suddenly creatéstage 5. It is interesting to
8, is calculated as,, = m(J/Ky)*? usingJ=10"° erglcm for the note that this drop corresponds to the 30% of the total mag-
exchange coupling constant. For the FePd film, the magnetizatioﬁetoresistance observed, which indicates that the domain
was determined by vibrating sample magnetome#SM) and the \\qi5 are created over a large surface of the sample. Cape
uniaxial anisotropy constant by Torque measurement at 300 K. et all4 (see also Hehet al_lo) established that the singular-
5 ity in the magnetization loop for films with an easy-axis
Ky (erglent) 2mMs (erglcn) S () perpendicular to the film plane can be ascribed to a sudden
FePd 1x 107 9x 108 100 nucleation of magnetic bubbles with opposite magnetization.
Co 4.6¢10° 1.3x107 150 Also seen in Fig. 2, the slight increase of the resistance be-
tweenHy andHg could indicate the existence of a disper-
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FIG. 2. MR of the ordered film of Fig. 1 at 4.2 Ka) complete hysteresis loof) detail of the positive branch. The inset to Figbp
indicates schematically the wall dynamic behavior as described in the text. The slight decrease of the resistivityabgmebably due

to magnon dampingncrease il aboveM g caused by the applied fieldAbove 2 T the ordinary MRLorent2 that increases the resistivity
is dominant.

sion in nucleation fields of bubblé8 However, the fact that disorder(but with similar chemical orderthan the alloy of

the resistivity loop only shows one singularity could alsoFig. 2. This was obtained by growing the film at a higher
indicate that only one nucleation event occurs followed by aemperature which results in a grain segregation. Here there
propagation over the whole samplgage 6. At H:=0.2 T, is no evidence of steep transitiontdf, because the magne-
the bubble domain occupies the entire sample and the equiization reversal is dominated by a nucleation process at the
librium state is reachetstage 7. For comparison, we have expense of the easy domain-wall propagation depicted in
included in Fig. 3 the extra resistivity due to DW scatteringFig. 2(a). Consequently a large number of small inverted
for a FePd ordered filmS§=0.85) with larger crystalline domains is created betweéty andHg with a large distri-
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FIG. 3. MR of a FePd-ordered filmSE& 0.85) with large crys- 7 —r
talline disorder at 4.2 K. The chemical order and the perpendicular 0.0 0.1 0.2 0.3 0.4 05 0.6

magnetic anisotropy are similar to the alloy of Fig. 2. H(T)
bution of nucleation fields which results in a very slight in- ~ FIG. 4. Magnetoresistance ratio for a DWR, of the FePd-
crease of the resistance. Results of Figs. 2 and 3 establigtidered alloy film of Fig. 2 measured by decreasing the field from
that wall scattering can be used for detecting reversal max _aturatlnon to zero field as a function of temperature: For _tempera-
netization dynamics in materials with high perpendicular anlures higher than 200 K and abovés magnon damping gives a
isotropy. strong negatlve COI’]"[I’Ibl..ItIOI'? to the I’eSIStIVI'[y. AS a Consequence
From the measurement of Fig. 2, we find that the eXtraa!though DW sca.tt.erlng is still present at 300 K, it is not possible to
resistivity’ of a DW over that of the pure FePd alloy discern the transition fieldsly andHs
Apeepi pw— po With p,, the resistivity of a DW angh, the
resistivity of the sample without DW is aboup@ cm. This  with R andRepy given by Egs(1) and(2), respectively,
gives a MR ratioR,,= Apgepd po Of about 6%(in total the  which ranges from 2% to 8.5%. Our value of 6% at 4.2 K is
measured MR ratio of the sampi=(4,,/d)R,, with d the  consistent with these predictions. From E8). we deduce a
domain size is~0.5%). Note that the diamagnetic and the spin asymmetry of scatterir;g%/pg~16. However, it is ex-
paramagnetic mechanisms invoked by Cabetral® cannot  pected thatp}/p ranges from 1/11Mn) to 9 (Ir) at low
account for the adqmonal resistivity opserved. The res'St'V'_tytemperatures for dilute impurities in B&.Here, the high
due to DW scattering was calculated in the presence of Stripg;aytering ratio found at 4.2 K could be due to the use in Eq.
domains by Levy and Zhafiguith the same Hamiltonian as (1) of the wall thickness value estimated at 300 K. As the

useo! to explaln_ giant magnetoresistance taking account tr].ﬁﬂaxial anisotropy is expected to be stronger at low tem-
admixture of spin states due to the twisting of magnetization

in domain walls. They found the following analytical expres- peratures, the domain walls are generally thinner at 4.2 K

sion for the magnetoresistance ratio with the current parallettlahs"’tl.?n ";tt:g(:hﬁ. gh?‘ngsromsg;)’ ;\;es?:zgtg(r:'end trﬁ;gvetr?ger;t'o
to the DW (CIW) at low temperatures: : P! y y Ing. ’ :

A ps/ph is expected to be proportional to|(Eg)/n;(Eg),
R — o)/ :§_ (po—pPo) wheren;|(Eg) is the density of states at the Fermi energy

cw=Pcw™ Po)/Po= g PoPs for spin up(down). By allowing Fe or Co with equiatomic
composition of Pd or Pt, thd bands of F§Co) and Pd(Pt)
~are strongly hybridized in the majority-spin states because
where é= 7 °ke/4mé,,J and J denotes the exchange split- they coincide in energy/. Both majority d bands are com-
ting, peiw is the resistivity of a DW angy the resistivity for  pletely filled which leads to a small value of (E). On the
spins of the ferromagnet. For a current perpendicular to thepther hand, the hybridization between the (@) and Pd
domain wall (CPW), they predicted that the ratio of CPW (pt) minority d bands is weak because of their separation in
and CIW magnetoresistance due to DW is given by energy. The tetragonal distortion related to ordering removes

Lol a portion of the minorityd bands of Fe(Co) aboveEg .18
0Po
chw/ RCIW: 3+10 ﬁ

PotPo

This results in an increase of (Eg) and then to a large

value of the spin asymmetry for ordered alloys.
With the common parameter for Co, Fe, and Ni ferromag- The behavior of the magnetoresistance ratip by de-
nets,ke=1 A~1, J=0.5 eV, andp}/p)=5-20 and for a Creasing the flgld fortemperatures. ranging from 4.2t0 200 K
wall 100 A thick, Ry ranges from 0.5 to 2.7 % arlep,, IS ShOWN in Fig. 4. The characteristic low-field plateau and
from 3.5 to 14 %. Here, the magnetoresistance mfjovas the smgulz_irlty of the resistance are present for all the tem-
measured with a maze configuration of domain, which carPeratures investigated. The most striking feature here is the
be viewed as a mixed of both geometry. In this case, th&rong temperature dependenceRgfwhich ranges from 6%
analytical expression fdR,, can be approximated by a& 4.2 K to 2% at 200 K. We deduce from E@) the ratio
pO/pg ranges from 5 at 200 K to 16 at 4.2 K. The tempera-
ture dependence of the ratig/p/, is given by®

D

)

Rw=(Rciw+ Repw)/2 ©)
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prot pd(T) To summarize a direct study of domain-wall scattering is
P p(T):ﬁ, reported. We demonstrate that this phenomenon allows the
prot po(T) possibility of identifying not only the magnetization reversal
phenomena but also electronic transport characteristics. In
where pl{!) is the residual resistivity ang$("(T) is the the near future MR measurements on other metallic alloys
T-dependence term for spin dovap). Our result is consis- yvlth strong un|_aX|aI anisotropy will be useful. In particular,
tent with the fact that in iron the temperature-dependent scail such materials the behavior of the DW thickness as a
tering p5"(T) is independent of spif&which results in a  function of temperature is need.
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