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Spin reorientation transition in Fe(110) thin films: The role of surface anisotropy
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We report on the spin reorientation phase transition iiLE® ultrathin films, epitaxially grown on a V210
single crystal. The critical film thickness of the magnetic reorientatigrh@s been monitored by spin-resolved
photoemission. Either an increase or a decreasgazin be induced by controlled modification of the surface
(anisotropy of the Fe filmst, is reduced by deposition of noble metalg and Au overlayers on the F&10)
surface. The effect is significantly more pronounced in the case of Au overlayers than Ag. In capigast,
found to increase by small amounts of oxyd@m5 monolayeradsorbed on the F&10) surface.
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[. INTRODUCTION served when Fe films are grown on such different substrates
as GaA$110 (Ref. 12 or W(110.12
The total free energy of a ferromagnet depends upon the The thickness dependence of the reorientation transition
orientation of the magnetization with respect to the crystald" Fe(110 is described in terms of a competition between

lographic axis, thereby originating a magnetic anisotropy. volume and surface anisotropy contributions to the total en-

e . 7 ergy of the system® Furthermore, earlier studies have
Magnetic anisotropies are of great technological "MPOTchown that the surface anisotropy term is modified by cap-

tance: they defin_e ceasy an d he_trd magnet.izatiqn axes. Tgﬁng the clean HA10 surface with a noble-metal over-
prospect of eﬁgcnvely manipulating magneuc §n|sotrop|_gs ISayer®14 effectively altering this equilibrium.
a major drive in applied research. Reorientation transitions ~Here we use spin-resolved photoelectron spectroscopy to
occupy a special place in this field, the stability of the mag-further investigate the magnetic reorientation transition in the
netization direction being very relevant for data storage apfe(110/W(110) system. We report on a systematic study of
plications. the variation of the critical switching thicknesss)(as a func-
Theoretically, the microscopic mechanisms determiningion of the thickness of various overlayers. These changes
the magnetic anisotropy are relatively well understood. Howdirectly reflect a change in the magnetic surface anisotropy
ever, detailed computations of specific systems still present @ the F&110 film. We find that the detailed behavior
considerable challenge to theory. Magnetic anisotropy enetrongly depends on the specific overlayer used. The three
gies are typically extremely smalin the order of a fewu systems analyzed here, Ag/Fe, Au/Fe and O/Fe, exhibit dis-
eV/atom. Only recently have thérst-principlescalculations ~ tnctly different dependence af on overlayer coverage.
approached the level of accuracy required to treat them cor- Ag and Au overlayers on Fe have been chosen as repre-

rectly. It seems therefore appropriate to provide experimenteﬁemat've of weak electromc interaction between substrate
. . and overlayer, whereas oxidation of the Fe surface represents
data for comparison with theory.

In ultrathin magnetic films, the subtle interplay betweenZ “3%¢ of a stronger interaction. Upon noble-metal deposi-

. 4 . . : tion, we observe a continuous reduction of the reorientation
exch_ange mteractlomlo_ng—ran_ge d'pO'aT |nter_act|on, and_ critical thickness {;). The reduction oft, is considerably
on-site magnetocrystalline anisotropy gives rise to a variety, . pronounced with Au than Ag overlayers. The case of

of magnetic phenomena with no counterpart in three—oxygen adsorption is more complex; at low coveragén-

dimensional systems, such as perpendicular magnetic anisqreases; attaining a maximum when the surface undergoes an
ropy and magnetic reorientation transitidnas a result, the O c(2x2) surface reconstruction. At higher oxygen cover-
study of magnetic properties of thin films has become amge t, decreases and eventually saturates at a value slightly
important testing ground for understanding the basic interacinner than for the clean Fe surface. These results show that
tions and how they are affected by such factors as composine critical switching thickness in ultrathin Fe films can be

tion and microscopic structure. This is particularly true for manipulated effectively and accurately via modification of
magpnetic reorientation transitions, which can be triggered byheir surfaces.

different factors such as temperatdréfilm thickness® ‘and

chemical composition. For example, morphology-dependent  |I. EXPERIMENTAL AND DATA PRESENTATION
magnetic anisotropy has been studied in systems such as _
Fe/Ag100 (Ref. 8 and Co/Cu? composition-driven spin A. Experiment

reorientation transitions have instead been observed in alloy The experiments have been performed at the USUA un-
systems such as FgCo,/Cu(100)° and surface steps dulator beamline at the National Synchrotron Light Source
have been reported to be responsible for the magnetic anisdbcated at the Brookhaven National LaboratbhBpin- and
ropy in Fe/\W100) system'! angle-resolved photoemission spectra have been collected
In epitaxial F€110 ultrathin films, anin-plane to in-  with a 50-mm hemispherical analyzer coupled with a low-
plane reorientation of the magnetization can be induced byenergy diffuse scattering spin polarimeter. The total energy
varying the film thickness. This reorientation has been obresolution was set to 100 meV and the angular resolution was
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about 2°. All measurements have been performed in ultra-

high vacuum (UHV) conditions (base pressure was 5 [001] i
x 10~ Torr) at room temperature. !
The W(110 surface was prepared following standard pro- i

cedures described in the literatdfe A clean W110 SRR

surface—displaying &1xX1) low-energy electron-diffraction
(LEED) pattern—was obtained by repeated cycles of anneal-g
ing (Ta,=1800 K) in an oxygen atmospherep((2=5

x 108 Torr), followed by a few seconds of flashing at high
temperature Ty,= 2500 K) in UHV conditions.

92A

86A

(arb. unit

To study the reorientation transition, wedge shaped epi->
taxial Fg110) films were grownin situ by e-beam evapora- '@ so0A
tion. The total pressure rose to about 20 ° Torr during 2

film depositions. The Fe films evaporated on the&11¥)
crystal exhibited a sharflx1) LEED pattern:’ The use of

wedged samples ensured identical preparation conditions fo 74A
the various thicknesses. The deposition rate was measure
with a quartz-crystal monitor and the corresponding nominal
film thickness was calculated using the bulk Fe density and 68A

lattice constant.
All magnetic measurements have been performed in re- o
manence. A magnetization puléell width at half maximum Binding Energy (eV)

~0.5 msec,!ma~100 Oe) applied in an in-plane direction FIG. 1. Spin-resolved valence-band photoemission spectra ac-

at 45° between th¢001] and [110] crystallographic direc- quired as a function of Fe thickness along the two in-plane high-

tions was found sufficient to saturate the sample. Two Or'symmetry directions. The spectra were measured at 40 eV photon

thogonal in-plane components of the polarization vector hav,%nergy, in normal emission. The filled and empty triangles represent
been measured simultaneously using a two dimensional SP{ajority- and minority-spin components, respectively.

detector®

4 3 2 1 E 4 3 2 1 E;

B. Reorientation in pure Fe(110) netic coupling efficiently smoothes the magnetic roughness

Typical results showing the magnetic reorientation transiWith respect to the structural roughness.
tion as monitored with spin-resolved photoemission are re- The second observation from Fig. 2 is that the sum of
ported in Fig. 1. An Fe wedge film, spanning a range ofthe two spin polarizations remains almost constant across the
thicknesses across the transition, is grown epitaxially on &ansition region. This suggests the coexistence of fhif]
W(110 crystal. The valence-band spectra are measured asand[001] domains during the reorientation transition. In the
function of Fe film thickness along this wedge. In the leftlimiting case of a single domain rotating its magnetization
(right) panel, the photoemission spectra are decomposed ufom the [110] to the [001] direction, the spin polarization
ing the spin polarization measured along f140] ([001])  at the crossover point would be @=70% of the satura-
direction. One can observe that the thinnest filfhsttom  tion value, not the observed 50% polarization value dis-

three spectraare magnetized along thgL10] direction,  played in Fig. 2. The existence of two sets of domains is
whereas thicker filmgtop two spectrpare magnetized along

the[001] direction. The critical thicknesg,() is between 80
A and 86 A for these pure Fe films.

Since we are interested in characterizing the nature of the 0.4
magnetic reorientation transition, it is convenient to extract
from Fig. 1 the information about the spin-polarization vec-
tor. This can be accomplished by plotting the average spin
polarization as measured in a narrow binding-energy window
centered at-4 eV hinding energy, below thed3emission. A
typical plot of this “secondary” electron spin-polarization is
shown in Fig. 2. This plot represents a magnetization profile 3
along the wedge, and allows one to determine precisely the o [
transition thickness. Two things should be noted in Fig. 2. ‘ ‘ ‘ ‘ ‘
First, the sharpness of the reorientation transition: the entire 84 85 86 87 88
transition occurs in=1 ML [def110)=2 A] of thickness Fe thickness (A)
change. This is quite surprising considering that the average
roughness of these films is certainly greatemt@aA atthis FIG. 2. Spin polarization of “secondary” emissiqd eV bind-
high Fe film thicknes$~85/2~42 ML). Evidently, the mag- ing energy, see Fig.)las a function of Fe film thickness.
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reasonable considering that the 85 A thickness is only a Agad AuSd
nominal value with considerable deviations due to the film TN
roughness. From a microscopic point of view, the crossover - \‘ﬂ
thickness {;) must correspond to 50% of the crystal surface 20 A
already thick enough to have the easy_axis along| @] 1264
direction and 50% still pinned along tli&10] direction. A 164

As mentioned above, the easy axis in ultrathin films is -
determined by various anisotropy contributions operating si-
multaneously. In most cases, the dominant terms are the
shape anisotropfrepresenting the dipole interactjosnd the
magnetocrystalline anisotropyreflecting the microscopic
electronic anisotropy due to the crystal latjice

The shape anisotropy tends to minimize stray fields, B
thereby forcing the magnetization to lie in the film plane.
Consequently, shape anisotropy does not play any role in the Fesd| o .FEM Fe
in-plane to in-plane transition of FELO thin films. L L

As a first approximation, the magnetocrystalline anisot- 8 6 4 2 E, 8 6 4 2 E
ropy can be decomposed into two parts: the volume part and
the surface part. The crystal anisotropy is obviously pro-

foundly altered at the surfadand inte_rfac}e Consequently, FIG. 3. Valence-band photoemission spectra for(&gt pane}
the total energy of the system contains a strong surface anyq Au(right pane) overlayers grown on K&10). The spectra are

isotropy term, independent of the film thickness. In thismeasured at 40 eV photon energy, in normal emission. The thick-
mOde|, the ea.sy magnet'zat'on dll’eCtIOI’] fOF a g'Ven Fe f|ln}”|ess of the Overlayers is indicated.

thickness is determined by a balance between these two

terms, the surface anisotropy, which favors tieplang about 3 eV below the Fermi level. The emission from Ady 4

[110] direction, and the bulk anisotropy, which favors the . i o )
[001] direction. The bulk anisotropy eventually prevails asa.nd Au 5 states appears during deposition at binding ener

the film thickness increases and the magnetization switched®s greater than 3 eV. In both cases, drstates of_the noble
from the[110] direction to the thé001] direction. metal are well separated from the Fe,3and directd-d

Note that in 31 metals, the orbital moment is effectively interaction is minimal. The effect of the noble-metal overlay-

guenched during the formation of the solid. The bulk com-c= ON the magnetic reorientation can be monr_[ore_d Inasimi-
) - S lar way as described for the pure Fe. Magnetization profiles
ponent of the magnetocrystalline anisotrofgriginating

from the spin-orbit interactionis therefore very small in from Fe wedged samples have been obtained for various

these systems, considerably smaller than the surface anis tE_lcknesses of Ag or Au overlayers. The Fe reorientation

ronv. This exolains the hial. value observed here for an ickness {;) extracted from these data is shown in Fig. 4.
ropy. xp gl v o . The switching transition for both Ag and Au overlayer sys-
in-plane to in-plane reorientation transitign,~50 ML in

Fe/W(110)] as compared to the cases of out-of-plane to in-

~
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plane transition§t,~5 ML in Fe/CY100) and Fe/Ag100)]. ol T T
In the latter,t, is determined by the two comparable terms: - | .
the shape anisotropy and the surface anisotropy, the bulk "z 80 %% .
anisotropy being negligible in this case. §’ 1 Ag 1
The simple reorientation model mentioned above for g 704 @ ™. l ]
Fe(110) relies on the balance between bulk and surface con- e 60—- : §§ ]
tributions to the magnetocrystalline anisotropy. It should then '2 1] § """" % ------------ % |
be possible to modify this balance by modifying the Fe sur- g 50 ‘% -
face. In the remainder of this work, we follow this idea and % 1 - 1
consider the modification of the surface of the magnetic ma- £ 40+ % 7
terial induced by the deposition of a nonmagnetic overlayer. 5 30_' : ]
2 4 1 —Au :
£ 20+ ) .
C. Influencing the Fe reorientation by modifying the surface: = | % .
Noble-metal overlayers 10 4 —

First, we consider the case of noble-metal overlayers. The 0 2 4 6 8 10 12

choice of noble metals is a convenient way to minimize the
interaction with the magnetic (3 electrons of Fe. Consider,

for example, the valence-band spectra shown in Fig. 3. The F|G. 4. F¢110) Critical reorientation thickness § as a function
spectra are measured at various stages durinefgpane) of the thickness of the noble-metal overlayer. Closed symbols
and Au(right pane] deposition on the clean FELO) surface.  refer to Ag; open symbols refer to Au. The dotted lines are guides
The Fe 3 emission(bottom-most spectrumextends only  for the eye.

Overlayer Thickness (A)
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tems occurs at a lower thickness)(than that of the clean tation as the result of an equilibrium between two different
Fe(110 surface. Furthermore, the effect of the overlayer ismagnetocrystalline anisotropies: the bulk anisotropy, which
considerablet, is reduced as much as30% for thick Ag  increases with the film thickness and the surface anisotropy,
films, and much more for Au films. which is thickness independent. As mentioned above, the
Quallitatively, this behavior is plausible. The main effect model was proposed several years ago in connection with
of the weakly interacting noble-metal overlayers is to confineearly observations of reorientation transitions in ultrathin
the surface charge of the magnetic layer. The noble metahagnetic films>** Subsequent work, notably on the system
overlayers transform the topmost Fe layer into a more bulkiNi/Cu(100),%* has emphasized the importance of the magne-
like layer. The tendency of the FELO) surface to stabilize toelastic anisotropy in ultrathin films. Epitaxial ultrathin
the magnetization along tH&10] direction is then reduced. films can form considerably strained structures, due to the
Correspondingly, the surface-to-volume anisotropy balancgttice mismatch at the interface. Consequently, magnetoelas-

shifts toward thinner films. _ tic terms can become large in these systems and even domi-
Although qualitatively the effect of Ag and Au is the 56 the magnetic anisotropy terms.

same, i.e., to anticipate the reorientation transition at thinner 4 magnetoelastic terms obviously vary with film thick-
Fe film thicknesses, quantitatively there are conS|derabIe_d|fheSS, mirroring the process of strain relaxation during film
ferences between the two cases. Most probably, these diffe

ences reflect the different growth modes of Ag and Au on th rowth. For example, in the specific case Of(.ﬂ@) on
Fe(110) surface (110, there are now elegant measurements directly show-

For the Ag/F¢110) wedge surface, the transition thickness ing the change of strain in few-monolayer-thick Fe films dur-

decreases linearly to-70% of the clean FA10 surface "9 growth.zz'l'_hese_results clearly indicate the importance of
value after the first 2 ML, and then saturates at higher covMagnetoelastic anisotropy in this system. Moreover, they
erage. Apparently, at room temperature, Ag grows orP'OVe the mcorr.ect.ness of assuming bulk anisotropy con-
Fe(110 in close to the ideal layer-by-layer mode. This be-Stants for ultrathin films. _
havior is consistent with the observation of a sharp hexago- N Refs. 22 and 23, Sander Co-workers also point out that
nal LEED pattern from this system and the presence of inin Principle a model considering the thickness dependence of
tense Ag sp-derived quantum well(QW) states in the mag_netoe_last_lc anisotropy _could also explam the_ observed
valence band of AQ11)/Fe(110) (see states marked QW in reorientation in FeL10) thin fllms as a function of thickness.
Fig. 3. The saturation effect, reached at only 2 ML of Ag, This model would not require any surface effect at all. Nev-
compares well also with the first-principles calculatidns €rtheless, as also noted in Refs. 22 and 23, the symmetry
which show that the magnetic moment of Fe surface atomBreaking at the surface still remains a powerful physical ar-
decreases from 2.65 to 2.17us when capped by a Ag dument. Its effect on the magnetic reorientation transition
monolayer. The 2.175 value is very close to the bulk Fe must then be addressed case by case on the basis of experi-
moment (2.2g). mental results. - o

The case of Au is quite different; decreases much more Herg we have _shown that m_od|f|cat|o_n_ of th|_n—f|Im sur-
drastically than Ag. This behavior can be partly attributed tof@ces is an effective way to shift the critical thickness
the stronger electronic interaction in Au-Fe than in Ag_FeEIectromca_llly, the d.e.pos.|t|on of noble-metal overlayers is the
systems. The maximum of the AudSband is at~2 eV least possible modification of the Fe surface. The fact that
below the Fermi, while the maximum of the Agidand is at  €Ven in this casg \_/aries consider_ably suggests th_a_\t t_he state
~4 eV binding energy. However, the fact that no saturatiorf this system is indeed determined by an equilibrium be-
effect takes place with Au would suggest that some othefV€€n surface and “bulk” energies. Surface effects play an
structural mechanism, not present in the Ag overlayers, idmportant role in determining the spin reorientation in
operating the Au case. Indeed, the LEED pattern rapidly deF&110 films. _ _
teriorates during Au deposition and disappears after only 1 e conclude that an appropriate model to describe the
ML of Au. The growth of Au on F&L10 is much less or- magnetlzat|on in FE10 has to take |nt_o a(_:count magneto-
dered than the case of Ag, i.e., Au does not grow epitaxiall)ﬁlas'“c effects as well as surface contributions to the magne-
on Fe€110. Moreover, we cannot exclude some intermixing to€rystalline anisotropy.
of Au with Fe at the interface. Au forms various stable bulk
alloys with Fe. Furthermore, the formation of a Au-Fe sur-
face alloy has been recently observed by scanning tunne
microscope for submonolayer depositions of Au ori1€)
at temperature higher than 370°KThe drastic decrease qf The deposition of noble-metal overlayers considerably de-
reported in Fig. 4 with less than 1-ML Au coverage, in spitecreases the critical Fe thickness Basically, the dominating
of the weak directd-d electronic interaction, is then plausi- effect is structural and it simply tends to suppress the surface
bly related to a profound structural modification of the Feanisotropy.
surface layer. More complex situations are expected in cases of stronger

Before leaving the subject of noble-metal effects, it iselectronic interaction between the overlayer and the mag-
useful to compare our results with the current views on magnetic surface. In principle, the Fe surface anisotropy could
netic reorientation transitions in ultrathin films. Up to now even be enhanced by an appropriate choice of overlayer. The
we have described the thickness dependence of the reoriereorientation would then appear at higher Fe thicknesses.

P. Influencing the Fe reorientation by modifying the surface:
Oxygen overlayers
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FIG. 5. Valence-band photoemission spectra oflE® as a Oxygen Exposure (L)

function of oxygen exposurén Langmuirs. The spectra are mea-
sured at normal emission with 40 eV photon energy. FIG. 6. Dependence of the Fe critical reorientation thickness

) o ) o (tt,) on oxygen exposures.
To test this possibility, we considered the modification of

an Fe surface induced by oxygen adsorption, i.e., a case of .
strong substrate-overlayer interaction. Oxygen oflF@ is  COVerages. The strong electronegativity 'o.f oxygen may well
a well characterized system. In the early stages of oxidatior?® responsible for more profound modifications of the Fe
oxygen adsorbs in a well defined sequence of ordered ovepurface electronic structure as compared to the noble-metal
layers:c(2x 2) (0.25 ML), followed byc(3x 1) (0.33 ML), case. Enhancements of the Fe surface magnetocrystalline an-
followed by the formation of a hexagonal FE1) layer(1  isotropy could then be associated with @ x2) oxygen
ML).Y” The presence of two surface reconstructions, withoverlayer. A realistic calculation of the electronic structure
different surface symmetries, makes this system even mor@nd total energy for this specific system could possibly shed
interesting for the study of magnetic anisotropies. some light on this point. Inspired by these findings, we came
The evolution of the valence band as a function of oxygeracross an interesting piece of experimental work on a subtle
adsorption is shown in the photoemission spectra of Fig. Sstructural effect induced by oxygen in a related system: it has
in the range of oxygen exposures up to 10 L (1 Lbeen observed that submonolayer adsorption of oxygen on
=10"° Torrsec). 2-ML p(1x1) Fe/Ag100 induces an out-of-plane to in-
The O, molecules dissociate upon adsorption on the Fgylane reorientation of the magnetizatf®nThe important
surface. The characteristic Qpatructure, located at about 6 point for the present work is that this magnetic reorientation
eV binding energy, appears in the valence-band spectrgs associated with a structural change of the Fe film. The
LEED pattems allow .the clear identification of t_he surfacegdsorbed oxygen seems to act as a sofpos) surfactant.
reconstructions mentioned above. The most inteo®  The g5-deposited 2 ML E800) film contains a considerable
x2) LEED pattern is observed at about 1.5 L oxygen adensity of three-dimensional islands. The oxygen promotes a

sorption, and the;(3_>< 1) at about 4 L. _ reordering of the Fe film in which it becomes flatter, as in-
As already described for the noble-metal casés deter- dicated by electron-diffraction daf4

frg'rn::Clﬁs(')?(g tZE Zg'né;i?glvﬁgedﬁ?[tfrgrsnoie V\é?ldgfdossirrr;ples Inspired by these findings, we monitored the evolution of
Y9 P ' plotlp Y9 P the LEED spots from the E&10 films during the oxygen

's shown in Fig. 6. uptake. Typical results of these measurements are shown in

The behavior oft, with oxygen is different than that of . : ) .
noble-metal overlayers. For small oxygen exposures, the F'é'g' /. Thg spot siz€ shrinks durlng the first 1.5 L oxygen
posure, i.e., during the formation of tleé2x2) oxygen

reorientation thickness increases, and reaches a maximufif :
coincident with the apparency of té2x 2) ordered over- OVverlayer. This effect saturates above 1.5-ML oxygen expo-
layer. t, decreases at higher oxygen adsorption and, by th&Ure: with the spot size remaining practically unchanged
time thec(3x 1) reconstruction occurg, has returned to UPON further oxygen exposure. _
nearly the same value as for the clear{126) surface. Fur- The width of the LEED spots is related to the density of
ther oxygen exposure S||ght|y reduces the critical thicknessthree-dimenSional islands on the surface. Their decrease in
The case of oxygen adsorption is interesting: it demonsize indicates a smoothening of the surface. We conclude that
strates the possibility of inducing significant changes in the postsurfactant effect, similar to the one seen in the G
Fe reorientation in both directions. Apparently, the Fe surfacdilms, is operating for the K&10 films also. This observa-
anisotropy increases at low covera@el.5 L) and starts to tion suggests a different interpretation of thelependence
be suppressed only at higher oxygen exposures. At first sighfrom oxygen adsorption. As mentioned above for the case of
it would seem that this behavior cannot be explained by gure Fe,t, represents a nominal thickness, i.e., an average
simple geometrical effect as considered for the noble-metahickness taken over an appropriate distribution of Fe islands
case. One could suppose that the overlayer-substrate interaa- different heights. The LEED observations show that the
tion has now become an important factor, at least at lowoxygen adsorption effectively narrows the island size distri-
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Finally, above 1.5 L exposure, the structural transforma-
tion of the O/Fe surface is complete. Apparently, at this point
the oxygen overlayer has a similar effect as Ag and Au. The
critical thickness decreases by20% as the oxygen exposure
increases above tlg2x 2) overlayer(i.e.,>1.5 L), a value
comparable to the decrease observed in Ag.

IIl. CONCLUSIONS

In summary, in-plane reorientation of the magnetic easy
axis in ultrathin F€L10 films has been studied by spin-
polarized photoemission. Considering the reorientation as the
result of a balance between surface and volume magneto-
crystalline anisotropy energies, we have investigated the
modification of this equilibrium induced by the deposition of
various overlayers. The use of films with wedge geometry is

120 L particularly convenient for this purpose. It allows us to moni-
ole tor accurately the shift of the critical thicknegsas a func-
l spetSize tion of the overlayer deposition. In all three cases analyzed,
0ef 4 Ag/Fe, Au/Fe, and O/Fe, we have found a considerable effect
y on the reorientation thickneds. This emphasizes the key
ool % role played by the surface in this reorientation.
PR S s Beyond this general consideration, the three specific sys-
Oxygen Exposure (L) tems studied display different behavior, each shedding some
FIG. 7. Evolution of the[11] LEED spot profile from 6-ML Ii_ght on different aspects of the magnetic reorientation tran-
Fe(110 on W(110) during oxidation. Oxygen exposures were per- sition. .
formed at room temperature at an oxygen partial prespuré Ag represents the simplest case. Its effect on the Fe
X109 Torr. Oxygen doses are indicated in Langmuir (31  SWwitching transition is limited to the first two monolayers
X 10" Torr sec). deposited and consists of a reductionr~80% in the critical

o o ‘thicknesst,. This suggests a suppression of the Fe surface
bution, i.e., diminishes the roughness of the surface. Thignisotropy.

effect can have consequences for the magnetic reorientation For the Au overlayer system, the reductiontjnis much

transition. more dramatic. Less than 1-ML equivalent of Au shifts the

The first consequence of smoothening is that Fe atoms Ogjsica| thickness by more than 80%. We argue that the for-
the higher peaks are redistributed to fill the lower valleys.m(,mon of a composite material at the interface must be re-
With considerable Fe roughness, this process initially tendgponsible for this behavior
to reinforce the thinner regions of the sample, i.e., the oné Finally, the case of oxy(jen overlayers is even more var-
favoring the[110] easy magnetization direction, at the ex- ied. Both ’an increase i at low oxygen exposures<1.5 L)

pense of the thicker regions which favor fi€0] direction. i
The balance between these two is then altered in favor of th nd a decrea;e at high exposufg5-10 L)_ are observed.
he perturbation of the surface electronic structure of Fe

former. We have to move to a region of the wedge of higher ; X
(average thickness to find the magnetic reorientation. induced by the oxygen overlayer is certainly more complex

A second mechanism is operating in ultrathin films due to_than_ that associated \_Nlth the noble-metals. Therefore, its role
the presence of step edges. Atoms at step edges have redud@dis effect must be important and should be addressed by a
Symmetry Wlth respect to atoms on a surface terrace. BrunBrOper theoretical inVeStigation. HOWeVer, the coincidence of
has presented a general theoretical argument that this circurile increase irt, with the reordering of the film surface,
stance always leads to a decrease of the surface anisotropysHggests the following interpretation of the shape of tthe
the presence of roughnessThis means that in our case a CUrve vs oxygen exposure. At low oxygen dosagd.5 L),
decrease of the roughness increases the surface anisotrdpj,ncreases as a result of the smoothening of the film surface.
and consequently even the thick regions of the sample wil\t higher exposures, the suppression of the surface anisot-
be less prone to orient along th@01] direction. Once again, ropy becomes the dominant effect andlecreases, similarly
the balance between thin and thick regions is altered in suctp what observed in the noble overlayer cases.
a way that the reorientation transition is shifted to higher
thickness. , , ACKNOWLEDGMENTS
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