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Domain wall energy in quasi-one-dimensional FH&V (110 nanostripes

M. Pratzer and H. J. Elmers
Institut fir Physik, Johannes Gutenberg-UniversiMainz, Staudingerweg 7, D-55099 Mainz, Germany
(Received 4 July 2002; revised manuscript received 19 December 2002; published 21 March 2003

The magnetic susceptibility in Fe/f/10) nanostripes decreases exponentially with increasing temperature
according to an Arrhenius law which indicates a quasi-one-dimensional behavior. The interface energy of the
Arrhenius law corresponds to the domain wall energy of a domain wall across a single stripe, separating
fluctuating regions of homogeneous magnetization. The domain wall energy increases linearly with the width
of the stripes, revealing a negative offset which we attribute to boundary effects. Domain wall energies have
been determined for Fe/M/L0) nanostripes coated with Au and Pd and are compared to values for uncoated
Fe/W(110) nanostripes in ultrahigh vacuum.
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I. INTRODUCTION are preformed by the exchange interaction at temperatures
close to the dipolar induced magnetic phase transition of the
The change of magnetic properties caused by spatial restripe array. The dipolar coupling between spin blocks in
strictions in the nanometer regime is an active researchdjacent stripes freezes the fluctuation of the spin blocks at a
topic! Magnetic properties will undergo a transition from finite temperature, in contrast to the expected behavior of a
three-dimensional “bulk” behavior to a quasi-two- single stripe. In addition to the ferromagnetic dipolar cou-
dimensional behavior if one dimension is spatially pling a weak antiferromagnetic lateral indirect exchange cou-
restrictec® > In addition, physical properties are dominatedpling between adjacent stripes was found for Au coated
by deviating interface properties, i.e., interface anisotropies.stripes°
The case of spatial restriction in one dimension heavily Fortemperatures well above the Curie temperature a mag-
gained from improved preparation techniques, revealing newetic coupling between the stripes can be negléttadd a
phenomena, i.e., indirect exchange coupfin®A restriction  quasi-one-dimensiondllD) behavior predicted by thedty
in two dimensions, leading to a quasi-one-dimensional syseould be observed experimentally for Fe stripes grown on
tem, will win further understanding of the physics of mag- vicinal Cu111)'° and on vicinal W110).*° In this article we
netic nanostructures which is crucial for future electronic de-exploit the temperature dependence of the magnetic suscep-
vices that work on a nanometer scale. Most promising for théibility above the Curie temperature to evaluate domain wall
preparation of quasi-one-dimensional systems is the depostnergies separating fluctuating antiparallel spin blocks for
tion of parallel stripes at step edges of vicinal single crystalAu/Fe/\(110) and Pd/Fe/WL10) stripes. A comparison with
surfaces. This method was used to prepare magnetic Fe ispreviously determined values for UHV/Fe(?10) stripes®
land chains on G111)° and ultrathin Fe films on stepped shows a strong reduction of the domain wall energies indi-
W(110,* revealing hints on quasi-one-dimensional mag-cating reduced anisotropies in the coated systems.
netic properties. Continuous magnetic FENAMO nanos-
tripes, the one-dimensional analogon to three-dimensional
bulk and two-dimensional ultrathin films, reveal the signifi-
cance of dipolar coupling for perpendicuiat®and in-plane Experiments have been performed in UHV. Fe was grown
magnetizatiort* Recently, monoatomic Co chains, the clos- by molecular beam deposition on single crystalling¢110)
est approach to a one-dimensional system, could be preparedrfaces following previously described precedife$he
on vicinal Pt111).1516 base pressure of the UHV apparatus was below 1
Due to strong in-plane anisotropit’sthe easy axis inthe x10 °Torr and increased during deposition to 5
pseudomorphic monolayer @4.0/W(110) is along[110]. X107 ° Torr. The deposited Fe films were characterized
The extremely strong uniaxial anisotropy is responsible forstructurally and chemically using low energy electron dif-
the two-dimensional2D) Ising-like phase transitidfiin ex-  fraction (LEED), Auger spectroscopyAES), and scanning
tended UHV/Fe/W110 monolayers and for atomic-scale tunneling microscopy(STM).?>1° We took advantage of a
magnetic domain walls in stripéS. Smooth monolayer W(110 crystal with a surface consisting of two polished
stripes can be grown only alorid00]-oriented step$? Ac-  planes: a well oriented surface-(.1° from [110]) and a
cordingly, the easy axis in those stripes is in-plane, but persurface where the surface normal deviates fridh0] by
pendicular to the stripe axis, resulting in substantial dipolarl.4°+0.1°, resulting in atomic steps along the in-pla46e1]
coupling between adjacent stripes. As was pointed out ilirection with a mean step separation of 8.6 nm. The
Ref. 14, ferromagnetic order in the monolayer stripe systenterrace width corresponds #,=41 atomic rows. On the
is triggered by this dipolar coupling@lipolar superferromag- well oriented surface terraces are considerably wicr
netism, in contrast to the extended monolayer, where maghm-150 nm with a broad distribution and irregular orienta-
netic order results from exchange coupling, only. Within ation. Fe grows pseudomorphically on thg140) surface and
stripe full width spin blocks of homogeneous magnetizationforms stripes attached to the step edges after annealing at 700

Il. EXPERIMENTAL DETAILS
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FIG. 1. Schematic drawing of the substrate crystal and STM 12 S
images (200 nrx 200 nm) from the flat and vicinal surface of the 0 .
substrate. 22b e
24
K. For a coverag®, the mean widthWV of the Fe stripes is 24IT=254K
given by W=W,0. On the stepped surface the deposited 12 N
iron forms an array of parallel nanostripes of monolayer 12
height and a width of a few nanometers. We observe a dis- Iy
tribution of widths with a full width at half maximum of 230 0 0 T 3o
AW/W=0.31*??2\We measured magnetic properties directly
after preparation and after covering the stripes at room tem- uoH (mT)

perature by 6 monolayers of Au and Pd. Previouskbauer
studies confirmed that at room temperature Fe/Au interdiffu- FIG. 2. Magnetization loops measured for Au/F¢MO0) stripes
sion does not occ# Figure 1 shows schematically the with a mean stripe widthV=28. With increasing temperature a
sample geometry. transition from easy axis loops to magnetization curves following a
Magnetic properties werde studied by Kerr magnetometrytanh function, shown examplarily fof =203 K (full line), is ob-
Using a compensation technique, we measured the Kerr eserved.
lipticity ex or the Kerr roationfx in absolute units, as a
function of external field and temperature. In the foIIowing,the easy axis lies anr[gLTO]. At T=187 K the remanence
we assume that Kerr angles are proporﬂongl to the magnet,g almost zero. For higher temperatures the magnetization
zationM Wlth respect to temperature and field dependencel.oopS can be fitted bydy /6 .= tanhf/HY) with the two
The magnetic easy "_iX'S N Fhe monolayer FQMW)) shows parameters: saturation valdg 's and saturation fieléhs. For
along [110]; the anisotropies are _comparatlvely larfe 5 wide temperature rangA"r/TC~1, H. appears to be
meV/atom(Ref. 19]. The external field was applied along gmajler than our maximum available field, in contrast to the
the easy axis, i.e., perpendicular to the long stripe axis. Magt‘ypical bulk behavior.
netization loops were measured during slowly warming up” \sgues for 6y . and for the remanencéy , as derived
with a rate of about 1 K/min, after cooling withlliquid pitro- from the magnétization loops are plotted in Figc)3and
gen down to 100 K. One loop was measured in 2 min, thugg) for Ay and Pd covered stripes, and in FigdBand 3f)
I|m|t|ng_the temperature resolution to 2 K. In order to studyor Ay and Pd covered monolayers. Data from previous ex-
properties as a function of coverage, we prepared wedgferiments on uncoated Fe nanostripes and monolayers are
shaped samples with a slope of 1 ML/4 mm in addition toghown for comparisoffFigs. 3a) and 3b)]. In the following,

samples of homogeneous coverage. we denote the temperature of vanishing remanence as the
Curie temperaturd -(0), which depends on the coverage
Ill. RESULTS 0. The flat bare monolayer undergoes a two-dimensional
. o Ising-like phase transition with no strong domain-induced
A. Saturation and remanent magnetization paramagnetic response abovg, whereas the flat covered

As an example we show magnetization loops of 0.7 MLmonolayers show a saturation value of the magnetic signal
Fe on vicinal W110), corresponding to a stripe width of 28 up to 50 K aboveT . The temperature interval betwe&g
AR (atomic rows, and coated by Au, in Fig. 2. At the lowest and the disappearance of the saturation signal is even larger
temperature =111 K) we observe a typical easy axis loop for stripes on the terraced surface and occurs moreover in the
resulting from a switching between two stable magnetizatiorcase of bare stripes, too. For the case of bare stripes, this
states at the coercive force pfyH=30 mT. The remanent behavior was explained by a dipolar-induced phase
signal equals the signal at saturation. The loop confirms thatansition** A key point to distinguish remanence induced
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The data for the magnetic hyperfine fi@g¢(T), normalized

to the Kerr values at the lowest temperature, is shown for
comparison[Fig. 3(d)]. The temperature dependence of
B¢(T) rather follows the saturation valug s(T) than the
remanence. Note, that Msbauer spectroscopy is not sensi-
tive to the direction of magnetization and the transition time
is about 0.Ls; i.e., if the magnetization does not change
during this transition time but shows arbitrarily parallel or
antiparallel to a given easy axis, the measured hyperfine field
will be the same as for a stable homogeneously magnetized
sample. Only Mgsbauer transitions at atoms where a mag-
netization switch occurs during the transition time create a
paramagnetic component wit,;=0. An additional para-
magnetic component was indeed observed in thesdauer
experiment fofT>200 K. Fluctuating spin blocks with com-
paratively long time intervals between flips thus explain the
contradictory statements for the Curie temperature of the Au/
Fe/W(110 monolayer.

M, M, (arb. units)

M, M. (arb. units)

(arb. units)

%kl = Tot) From this picture it follows that the observed small satu-
E: [N [y ration fields(in a significant temperature range abovg)
S'le (A f - compared to paramagnetic systems are due to the fact that
& i the spin blocks behave as a single giant moment. In contrast
0p B0 200 250 G0 150 200 250 to a superparamagnetic system the single moment is tem-
Temperatms () Temperatre (K) perature dependent as a consequence of the temperature de-

FIG. 3. Saturatiorfopen symbolsand remanentfull symbols pendend length of a spin block. When the system is saturated

values of magnetic signal versus temperature, fdd F&/W(110) at small fiel_ds (_<O'2 T), all spin blocks are magn_etized in
monolayer stripegleft column and extended monolayefsight ~ the same direction and the measured saturation signal corre-

column, uncoveredfirst line), covered by Ausecond ling or Pd  SPonds to the mean magnetization within a spin block. The
(third line), respectively(a) Saturationopen squarésand remanent Mmagnetization within a spin block will be smaller than the
(full square$ Kerr ellipticity (data from Ref. 24 The linear ex- ground state magnetization because of fluctuating single
trapolation(thin line) of M(T) indicates the critical temperatufe ~ SPins within the spin blocKpreferably at the boundarigs
as obtained fronM(T.)=0. (b) Remanent magnetization signal which can only be aligned in fields which are orders of mag-
measured by spin-polarized low energy electron diffractibata  nitude larger. The magnetization within a spin block will
from Ref. 25. (c)—(f) Saturation(open squargsand remanentfull vanish at a temperature where the thermal energy equals the
squaregKerr rotation. Data for the magnetic hyperfine fi@g(T) exchange energy, which is the case at the Curie temperature
(open triangles (Ref. 23. normalized to the Kerr ellipticity at the T(e) of a stripe of infinite width, i.e., &ypothetical two-
lowest temperature, is shown (d). The Curie temperatur€c(»)  dimensional system. Therefore we tentatively extrapolate the
=T{(®—1) of an idea_l, infini_tely large two-dime_nsional Fel saturation signaM (T) linearly to M (T =0, as indicated
W(110 monolayer(see Fig. 4is indicated for comparison. in Fig. 3. This extrapolation defines a temperaffige which
will be smaller thanT(e°) for narrow stripes buflg ap-

dipolar coupling from remanence induced by a lower relaxroacheslc(=) for wide stripes grown on the flat surface.
ation time is the sharp transition width &fT-=2 K. For Figure 4 showslc and T as a function of the Fe cover-
uncoupled stripes the distribution of stripe widths observedige.T¢ and Ty is higher for films grown on the flat surface
by STM would result in a Gaussian distribution of critical than for stripes on the vicinal surface. Both valUgsand T
temperatured To=15 K. Convolution of this distribution of increase with increasing Fe coverage. The steplike increase
Tc values with the temperature dependence of remanena® Tc andTg observed for Au covered nanostridé€sg. 4(a)]
following a power law would result in a phase transition below the coverag® =1 indicates the occurrence of anti-
width smeared out over 40% of the mean valuggf'*i.e.,  ferromagnetic lateral indirect exchange coupling as dis-
over 70 K. The difference between the temperature whereussed in Ref. 20. For submonolayers grown on the flat sur-
remanence deviates from saturation drdis smaller for all  faceTg approaches a saturation value for Fe coverages close
systems discussed here and we assume that the phase traitgithe full monolayefFigs. 4b) and 4d)]. For the following,
tion is of the dipolar induced type. Moreover, for the case ofwe assume that this saturation valueTgf measured on the
bare and Au coated stripes we excluded relaxation of thélat surface, equals the Curie temperature of the infinitely
remanence by measuring the remanent signal at differefiérge monolayeiT(). The temperature interval between
times after the field was switched off. T andTg denotes the temperature regime of fluctuating spin

Au covered Fe monolayers on well oriented M) sur-  blocks. ForT>Tg the single spins fluctuate independently
faces were measured previously by “#dbauer from each other, and saturation fields will become large ac-
spectroscop$® resulting in a Curie temperature close to cording to the Curie-Weiss law. One should note, that the
room temperature in contradiction to the data presented her&ransition from the spin block to the paramagnetic tempera-
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left. The quasi one-dimensional behavior shows up in the
300 W D trtepy 0] exponential decrease of the magnetic susceptibility with in-
creasing temperatufg?’
200}
C kgTa
100} Xo—?eXP< kB_T) , (1)
E’m . a whereT , denotes the energy of an interface beween two spin
1 blocks. In the case of the Ising mod€&), corresponds to
e S00F 2JW. T, will be lower if one considers finite anisotropiés.
SOWeeN Bnetieenlneln e depends weakly on the temperature because single fluctuat-
200¢ Kl . T ey ing spins decrease the average magnetic moment within a
W spin block.
100} 1 ] An additional dipolar coupling between adjacent stripes in
e L T— a stripe array will modify the susceptibility. The long range
AN EEEe | 4. SRS nature of the couplingreduction of 1r2 instead of exponen-
02 04 06 08 1.0 02 04 06 08 1.0 tial decrease with distane# justifies a mean field ansatz and
® (ML) we obtain the susceptibility of the stripe arfay

FIG. 4. Curie temperatur& (full triangles and critical tem-
peratureT (open trianglesversus coverag® for parallel stripes X
grown on the vicinal surface and covered(ayAu and(c) Pd. Thin
full and dotted lines are a guides to the eye(linand (d) similar

data are shown for extended monolayers grown on the flA1L%/ with the megn f|e_ld constam_. .'!'he lateral Coup!lng thus
surface. Thick lines represent data for uncovered UHV/K&My provokes a diverging susceptibility fai(Tc) =1/A indicat-

stripes taken from Refs. 14,24 and for uncovered UHV/RAAQ) ing the on_set of spontaneous_order a_lt a finit_e temperature
monolayer films taken from Ref. 25. Tc. Equation(2) can be approximated in two different tem-

perature regions. Fofr>T. the coupling can be neglected

ture regime is a gradual transitiof, does not mark a critical  SINCexo decreases rapidly with increasing temperature, i.e.,
phase transition. If infinitely large external fields were avail-X = Xo- This approximation was exploited to determine the
able,H, would continue to increase through and abdye ~ domain wall energy in Ref. 19 of bare stripes. Hotlose to
The determination oT; is related to the use of a compara- |c. however, Eq(2) can be linearized (T—Tc). This
tively small field. Our assumptiofig(® — 1)=Tc() is jus- behavior was confirmed for bare Fe strlﬁéstqo. The
tified for UHV/Fe/\110) monolayers on the flat surface, boundary between these temperature regimes is givéh by
because the magnetic phase transition is close to a twéEb:TCTA/(T.A__Tc)-

dimensional Ising systelfiand T almost equaldTs. It is Susceptibility data for Fe coverages below the full mono-
justified in the case of Au/Fe/\¥10) monolayers, because layer are presented in the Arrhenius plots shown in Fig. 5

Mdsshauer spectroscofly revealed a Curie temperature according to Eq. 1. For all three investigated systems we

similar to our valueT(®—1). For Pd/Fe/WL10) monolay- observe a linear behavior. The susceptibility deviates system-
ers we tentatively u;e the same assumption. atically from the Curie-Weiss law. Obviously, the data cannot

be described by a power law, in contrast to three- and two-
dimensional systems. The linear behavior observed for this
plot agrees with the one-dimensional behavior according to
We now focus on the temperature regibg<T<T ana- Eq. (1), neglecting the dipolar coupling between adjacent
lyzing the temperature dependence of the magnetic suscepstripes. An interstripe coupling would increageabove the
bility. We model the magnetic susceptibility of a single stripevalue for uncoupled stripes far close toT¢ [Eq. (2)]. Op-
consisting ofW parallel rows of spins by an Ising mod@&l. positely, finite size effects tend to decreagethus supress-
The short range interaction involved in the Ising model ising the divergence at.. In our experiment the linear be-
accompanied by long range dipolar interaction and the applihavior extends almost down td@=T.. This striking
cability of the model will be discussed below. For a one-observation might be attributed to a compensation of finite
dimensional Ising model the magnetic susceptibility is givensize effects and dipolar coupling.
by xo(1/T)exp(2/kgT). For the case of stripes the ex- In the following analysis we neglect the dipolar coupling
change coupling constadtis replaced bywJ.2®?"2|f the = between adjacent stripes, which is strictly valid only Tor
stripe width W is finite, no spontaneous order will occur >T,, and approximate the susceptibility data by Eq. 1. We
according to the one-dimensional Ising model. FetT;the  also have to consider a dipolar coupling along an individual
magnetization decomposes into fluctuating spinblocks of fulktripe (intrastripe dipolar coupling The intrastripe dipolar
stripe width and a length. increasing with decreasing coupling is smaller than the inter-stripe dipolar coupling.
temperaturé® These full width spin blocks act similar as the Therefore we assume that this contribution can be neglected,
moments of an Ising chain. The magnetization decays expdeo. Note, that the fit with Eq(1) instead of Eq(2) might
nentially at any finite temperature and no remanent order isverestimatel , to some extent. For Pd covered stripes the

_ X0
1_)(0)\ ’

2

B. Susceptibility
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Fe(110) ~
a. | ‘ 2 03r W(110) D/
Au-covered o r _UHV 1
Te() =294K 0.2 | Fe(110) 1
_:g 1 A | W(110)
10°¢ 1
Fg W=26 0.1r "_Au ]
=~ . , | Fe(110) |
2 = W(110)
Nt 0 - puuy Il 1 L
B 10 ﬁ@ﬂ’?ﬁ 1 00 02 04 06 08 10 12
o 9 (ML)
“Pd-covered FIG. 6. Interface energkgT, as determined from Arrhenius
Te() = 244K plots versus stripe widthW=0W,, Wy=41. Data taken from
wedge shaped samples Au/FeM0), Pd/Fe/W110 and from a
series of homogenously prepared UHV/F€MO samples. Solid
lines indicate linear fits. For UHV/Fe/\X¥10) stripes the axial sec-
Poo tion was set to zero.
o, " e=05ML
the terraces the stripes will overlap. In this case the suscep-
tibility deviates from the Arrhenius law and values fbf as

determined from the mean slope in the Arrhenius plot cannot

10 12 14 16 18 20 : :
be interpreted as a domain wall enetdy.

Te(o0)/T
FIG. 5. Temperature dependence of the normalized magnetic IV. DISCUSSION
susceptibility InTy) versus reciprocal temperatufie:()/T. (a) ) ) )
UHV/Fe/M(110 stripes (data from Ref. 18 (b) Au/Fe/\W(110) In the simplest approximation one would exp&gtto be

stripes, andc) Pd/Fe/W110) stripes. The linear behaviddrawn  proportional to the width of the stripes, as has been assumed
line) confirms the exponential temperature dependenceyof in Ref. 19. In the case of Au- and Pd-covered stripes we
(Arrhenius law. For Au and Pd coated stripes the slope, corre-observe an offset valug,~30 meV, instead. This observa-
sponding to the interface enerdy, is considerably smaller than in tion can be interpreted as a boundary correction resulting
the case of uncoated stripes. For comparison, Curie-Weiss lawsom the stripe edges. Becau3g was determined in the
(dashed linesand expected data when dipolar coupling is consid-temperature regiomm<T<T,, i.e., above the magnetic

ered[Eq. (2), dashed ling using the appropriate value fdic are  phase transition, the results can be compared to Monte Carlo
shown.

. . TABLE |. Curie temperaturd o(e) of an ideal, infinitely large
temperature range of useful data is particularly small and thg,,_gimensional FeM110 monolayer as extrapolated from ex-

analysis as a one-dimensional system must be considergghged Fe/a10) monolayers grown on the flat W10) surface.

With_some care. _ Specific domain wall energy,, per atomic row and boundary cor-
Figure 6 shows values fdr, as determined for coverages rectione, for Fe stripes as determined from the linear approxima-

©®=0—-1.1 ML, corresponding to stripe widthd¥=0  tion T,(W). Values for the exchange integralwere calculated
—45 AR. Below a stripe width of 35 AR we observe a linear from the two-dimensional Ising relatioksT(0) =2.26]. Anisot-
increase ofT 5 with increasing stripe width for the case of ropy energy per atorey resulting from the micromagnetic model
Au-coated and Pd-coated stripes. We fit the data\Vlér for continuous mattetBloch wall), €,,=2+Jex.

<35 AR with the linear approximation

X/Fe/W(110) X=UHV X=Au X=Pd

KeTa=ewW—ep. ©® Te(=) (K) 225+ 10 294+ 5 244+ 10

Data for uncoated stripes increase with increasing stripe,, (meV) 15.2¢1.5 5.0:0.3 7.2£0.6
width, too, however the experimental error is larger. Datae, (meV) 32+7 27+14
from the fits are summarized in Table I. Deviations from theg (mev) 8.6-0.3 11.2:0.2 9.3-0.4
linear increase observed fav>35 indicate a morphological e, (meV) 6.7+ 1.6 0.6-0.1 1.4-0.3

change. If the stripe width approaches the full coverage of
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(MC) simulations for the Ising model of single monolayer =15.2 meV and w=0.6 nm an exchange integral
stripes. Similar boundary corrections have been observed ia 14 meV and an effective anisotrogy =4 meV per atom
these MC simulation€ In the simulation the temperature \yas obtained® A boundary correction was neglected in this
depender_lce of the magnetization relax_ation t_ime follows th%ase, i.e.e5=0. It should be noted that a boundary correc-
exponential law7eexTa,(W)/T]*® A linear increase of yion of the order okg=30 meV would not change,, within

IAS’T:()’\iV)/TC(OCg =_pV\é6— q with _conﬁtantsr[? =|f3._13| agd d its error limits. For wall widths of only % 2 lattice constants
N Ii fwads_ 0 \Bsm.e ,SL:(ggestmg tth at a’t' al C|rc|e oTam the continuum model might be questionable and the values
watl of radus WV circumierences the critical nucleus Ior-a . o, in Refs. 19,30 can be seen as an upper limit. An evalu-

new spin block and a boundary correctian must be . . )
. 4 X ation of the same experimental data using a model of local-
considered* An analogous boundary correction can be ex-;

pected for the correlation length and the magnetic suscepthed spin results irec=3.6 meV** From ab initio calcula-
bility, respectively, however with different constapandg, ~ 1ONS @ value ok =2.3 meV was reportéd for the case of
For an Ising system the constant for the linear incrgasas @ magnetization rotation frop110] to [001]. Anisotropy
shown to bep=0.884 in agreement withgTo(W)=2JW  constants of the UHV/Fe/\(#10) monolayer have not been
(J=0.884T()/2 being the exchange integrdf?* A measured by magnetometry, yet. However, an extrapolation
boundary correctiorg for the susceptibility was not deter- from thicker films was given in Ref. 33ex=0.6 meV,
mined by MC simulations. Our experimental result for thewhich is obviously too small. The exchange integral can be
boundary correction suggests a value pfeg/kgTc() estimated fromT(e0) =225 K for the extended UHV/Fe/
~1 that is independent of the specific domain wall constantV(110) monolayer: The magnetic phase transition of this
p which might deviate from its Ising value due to finite system can be well described by the 2D-Ising mdfdtor
anisotropies. the 2D-Ising model the Curie temperature is related tuy

The specific domain wall energsy can be related to the kgTc(%)=2.26J;%* hence we obtain)=8.6 meV in fair
exchange stiffnesé and to the anisotropy constalit(Ref.  agreement with the experimentally determined value.
19) of the uniaxial anisotropy. Assuming that the domain For the Au- and Pd-covered case no data for the domain
wall can be modeled by the classical continuum micromagwall width is available. In order to determine the anisotropy
netic modef® i.e., minimizing the functional [A(¢’ (x))? we estimate the exchange integral frdip(ec) measured for
+K sirf¢(x)]dx, the domain wall energy per area for the extended Fe monolayers grown on the flat area of the tung-
simplest case of a Bloch wall is given loy,=4\AK. Fora  sten substrate. Wheredsturns out to be approximately 10
Neel wall K has to be replaced b+ J2/2u,, corresponding meV in all three cases, the Au and Pd coverage redeges
to a correction of 0.36 meV/atofi.For a comparison with ~ considerably and the anisotropy by an order of magnitude
theoretical data, exchange stiffness and anisotropy can e to the quadratic dependence. For a Ag covered mono-
expressed in the atomic measures, exchange intdgratl  layer an out-of-plane anisotropy ef=0.4 meV was mea-
anisotropy per atone, as follows: Starting from localized sured by magnetometly/in agreement with the value ob-
magnetic moments at the lattice sites of the Fe atoms, thi&ined for the Au covered case. As a further consequence of
Hamiltonian for an anisotropic Heisenberg model is given bythe reduced anisotropy, the domain wall width is expected to
be increased for the Au- and Pd-covered case. Hence, the
micromagnetic model is even better justified.

The thermodynamical behavior of stripes undergoes a
. ) o transition from quasi-one-dimensional behavior to a two-
with spin operatos; and ¢; specifying the angle between  dimensional behavior with increasing stripe width. For
and the easy axis. In the following we def|=1, i.e., the  UHV/Fe/(110 stripes the transition occurs betwe#i
value ofJ includes the spin quantum numb@&t. Only near- =32 and the mean terrace width on the well oriente(d Y0
est neighbor interaction is considerddummation over substrateW,~ 200 as determined by STM. The crucial pa-
(i,J)). For simplification we consides;s; being a scalar rameter which determines the critical width for this transition
product of classical vectors and with the lattice constant ofs the ratioe, /J. If the ratio is small, i.e.ex /J<1, as in the
tungsten a=0.316 nm we obtainK=2ec/a’> and A  case of Au/Fe/ML10), the critical width increases and the
=cJ/(2a).” Note, that here the assumptiefs;~1 is crlu- influence of lateral restrictions become more dominant even
cial. The structure dependent constantl equals the value for wide Stripes_ We observed indeed an exponentia| tem-
for the simple cubic case because of the missing neareglerature dependence of the magnetic susceptibility even for
neighbors in the b¢@10 monolayer. the Au/Fe/W110 monolayer on the well oriented surface of

In the case of the pseudomorphic F¢MO) monolayer  the substrate. Froffi, we could extrapolate a nominal stripe
the areaSpy of the domain wall is given bySpyw  width of W=150 using the linear dependendg(W) de-
=W(a/+2)? and we obtairry,= 2€,/a* and consequently, scribed above, which fits nicely to the mean terrace width of
ew=2yJec and the domain wall widthw=2\A/K the flat substrate. This observation indicates that for the Au
=a.J/ek. Using the experimental information of the do- covered case the maximum available terrace width, limited
main wall width measured by high resolution spin-polarizedby the mosaic spread of the tungsten single crystal, is too
scanning tunneling microscopy for UHV/Fe(d0) stripes, small to allow for the observation of a two-dimensional mag-
constantA andK were determined independently from eachnetic phase transition. This also explains the critical expo-
other'® From the experimental values o&y,=ey/W  nentsB~1/32 which strongly deviate from the expected

H= —J(Z) SiSj— ek, cog;, 4
i i
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2D-Ising value 1/8. Contrarily, from the theoretical point of with a free surface. Assuming that the exchange integral does
view a comparatively small uniaxial anisotropy is sufficient not significantly depend on the coverage material, this means

to provoke a two-dimensional Ising behavibr. that the anisotropy energy is reduced—because of the qua-
dratic dependence—by an order of magnitude for the case of
V. CONCLUSION covered stripes. Previously not understood temperature de-

) _ pendencies of the magnetic hyperfine field for FEIY)
In conclusion we have shown that Fe nanostripe arrayghonolayers can be explained by a finite step density which is

grown on stepped V10 and covered by Pd and Au show a present even on well oriented substrate surfaces in combina-
quasi one dimensional thermodynamic behavior. The magon with the small anisotropies.

netic susceptibility decreases exponentially with increasing
temperature following an Arrhenius law. The interface en-

ergy in the Arrhenius law can be interpreted as a domain wall ACKNOWLEDGMENTS
energy. The interface energy increases linearly with the stripe
width. In the case of Au/Fe/\110 and Pd/Fe/W110) We thank J. Hauschild for handing over previously un-

stripes we observed a common boundary correction for thpublished data. H.J.E. thanks U. Gradmann for fruitful dis-
interface energy. The interface energy for Au- and Pd-cussions and for careful reading of the manuscript. This work
covered stripes is strongly reduced in comparison to stripewas supported by the Deutsche Forschungsgemeinschaft.
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