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Magnetic and electronic properties of binary alloy monolayers: FeMn,_, and Co,_,Fe,
on W(110
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Pseudomorphic binary alloy monolayers,M@&,_, and Cq_,Fe, were grown on W110 by molecular-
beam epitaxy in ultrahigh vacuum. Fe atoms are randomly replaced by Mn or Co atoms. The pseudomorphic
monolayers form extended areas of monolayer coverages at elevated temperatures in the step flow growth
mode. For FgMn; _,/W(110) monolayers the Kerr rotation decreases with decreasing Fe concentration, cor-
responding to a decrease of the magnetizatiod\ pf Ax=—(8+2)ug/atom. The Curie temperature de-
creases with a rate qfAT¢(x)/Ax]/Te(Fe)=—(1.8+0.2)x 10 2 /at. %. Scanning tunneling spectroscopy
reveals characteristic maxima in the unoccupied local density of states near the Fermi level, which shift
towardsEg with decreasing Fe concentration for both alloys investigated here. The reduction of magnetization
with decreasing Fe concentration can be explained by a simple modebarid filling, similar to the expla-
nation of the Slater-Pauling curve for binary alloys. We observe a maximum valuk.fand for the Kerr
rotation for the pure Fe/\110 monolayer, in contrast to the behavior of bulk alloys where maximum values
are obtained for Co-Fe alloys.
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[. INTRODUCTION level with increasing number of electrohg.he increasing
Fermi level causes a decrease of the density of states at the
The dependence of magnetic and electronic properties dfermi energy which in turn would explain the decreasg of
binary alloys on their composition has been studied since & the Stoner model. In order to test this hypothesis we con-
very long time for bulk materials. The most prominent prop-ducted the analogous experiment with psNFe; _,/W(110
erty is the magnetization that varies with the average numbenonolayers. In this case the substitution of Fe with Mn re-
N of electrons per atonSlater-Pauling curye' Ferromag-  duces the number of electrons.
netism appears for 2dN<28.6 with a maximum atN Transition-metal alloy films provide the advantage that
=26.3. An intriguingly simple model for the explanation of their structure can be modified by a proper choice of the
magnetic properties of disordered alloys is the rigid bandsubstraté1° Structural phase transitions, regularly occur-
model. In this model it is assumed that the band structureing with varying composition of binary alloy§or Fe-Mn
remains independent of the alloy composition while thesee, i.e., Ref. )1 may be suppressed and the mean nearest-
Fermi level increases witN. The rigid band model is moti- neighbor distance is kept constant. Thus, the pure influence
vated by the electronic structure otl 3ransition metals be- of the alloy composition on the electronic properties can be
ing usually discussed in terms of itinerant electrons, i.e., thésolated. The ultrathin limit of transition-metal alloy mono-
local atomic properties of disordered alloys may play a lessayers on the high melting metal Mo and W forms an ideal
important role compared to the average potentials. prototype for this type of studies, because the larger free-
The electronic structure of ferromagnetic transition-metalsurface enthalpy in comparison to the free-surface enthalpies
alloy films is of considerable interest for applications in spin-of the transition metals allows for the preparation of pseudo-
tronic devices. The spin polarization of electronic states at morphic, thermodynamically stable monolayers. This was
the Fermi level controls the performance of tunneling magshown experimentally for the Fe/fd10) monolayer that
netoresistors and spin injection devidedsing ultrathin al- served as a model system for a ferromagnetic quasi-two-
loy films deposited at the crucial interfaces one can exploitimensional systed? *°A similar growth mode was found
particular features of their electronic structure near the Ferrrior ps-Mn/W110 monolayers® that show antiferromagnetic
level, which in turn can be tuned by the alloy composition.order at low temperaturé$.The growth of ps-Co/Ma10)
While the electronic structures of bulk alloys are quite wellmonolayeréML) is more complicated since a phase transi-
understood;” ultrathin alloy films are still challenging. It tion to a close-packed structure occurs before the monolayer
would be fascinating to see that to what extent the magnetits complete®!® Although theoretically predicted no ferro-
and electronic properties of ultrathin films with a two- magnetic order was found experimentally for the ps-Co
dimensional character can be described by similar models asonolayer’
used for bulk materials. As was shown previously pseudomorphic and thermody-
Recently, it was shown that pseudomorpfgs) Co; _Fe, namically stable Co ,Fe, alloy monolayers can be grown
/W(110) monolayers reveal a decreasing Curie temperaturen W(110.%" Here we show that K#n;_, monolayers
with decreasing Fe concentration, in contrast to the behaviagrow pseudomorphically and are thermodynamically stable
of bulk alloys®’ Tentatively, this behavior was described by on W(110) too, independent of the alloy composition, and
a rigid band model, considering an increase of the Fermihat the Curie temperature and the Kerr rotation decrease
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with decreasing Fe concentration for the Me; _,/W(110) l—l—l—. .
monolayer. This observation is qualitatively similar to previ- Tg Diadd ,ff I
ously measured properties of Au/CqFe/W(110) (Ref. 7 0 j h
and Cq_,Fe/W(110 (Ref. § monolayers. Furthermore we 10 /
will show that the local density-of-states maxima for unoc- 0 Ji I
cupied states, as measured by scanning tunneling spectros- ==
copy (ST9, shift continuously towards the Fermi level with . -y -
decreasing Fe concentration. The shift is observed for 20H1=158 K} /
FeMn;_/W(110 and Cq_,Fe/W(110 and is in qualita- 10 il
tive agreement with simple models for bulk alloys. 13 il
20 I
IIl. EXPERIMENT T
The experiments were carried out using an ultrahigh ~ 20HT=174K] il s
vacuum chamber p<1x10 *° Torr) equipped with a E 10 ;
4-grid low-energy electron diffractidhEED) optics and an f 0 ]
Omicron “Micro-STM” for measurements at room tempera- ot 10 f
ture. The single crystal Y210 surface was cleaned by 20 e
cycles of annealing in an oxygen atmosphere and subsequent
flashing at 2000 K. As a consequence of the transferability of 20T=187K]
the sample, the thermocouple could not be fixed to the 10 _;-""Ww—
sample itself, but only to the sample holder, and absolute 0
temperatures could be obtained only with an error of about -10 St
+10 K. 20
Mn, Fe, and Cq99.99% purity were deposited simulta-
neously from BeO crucibles with a rate of 0.1 ML/min and at 20HT=197K}
a substrate temperature of 780 K. The pressure increases 10 - -
during evaporation tgp=2x10 1° Torr. The evaporation 0 = I el
rate was monitored by a quartz balance which in turn was 1ottt
calibrated by scanning tunneling microsco®TM) images 20

of pure element coverage®<0.5 where pseudomorphic
growth is warranted from previous investigatidh¥2! for
the three elements Fe, Co, and M= 1 corresponds to the p,H (mT)
coverage of one ps monolayer. In addition to samples of
homogeneous composition we prepared samples with a lin- FIG. 1. Magnetization loops measured for ar f#iéno /W(110
early varying composition profilé4 mm width and homo-  Submonolayer film =0.7 ML) at the temperatures indicated in
geneous coverage using a two shadowmask technique.  the figure. External field was applied alopg10].

Magnetic properties were investigated in the preparation
stage by Kerr magnetomettwavelength of light 670 njnas ~ €st temperature] = 144 K, we observe an easy axis loop,
described in Ref. 13. Using a compensation technique, w&here remnance equals the saturation signal. The remagne-
measured the Kerr rotation in absolute units, as a function diization process is spread over a field range of 40 mT with a
temperatureT and external fieldH. The external field was coercive field ugH.=20 mT. The loop confirms that the

applied alond 1107, i.e., along the easy axis. easy axis is along[110], similar to Fe/W110 and
STS was performed to obtain differential conductanceCo,—xFg/W(110 submonolayers. Easy axis loops are ob-
dl/dU spectra, using a lock-in technique with a 1.65 kHztained up toT=160 K. For higher temperatures we see a
bias voltage modulation of 50 mV. All bias voltages given transition to a paramagnetic behavior.
are sample voltages with respect to the tip. The data shown Temperature-dependent data for the remnant and satura-
here are measured using adfo tip that was cut under tion Kerr rotation,fy . and 6 s, were obtained from loops
tensile stress from a thin wire. with a reduced number of data poirtsee Fig. 2a)]. The
remnant signal vanishes at the Curie temperatlige
=180 K, while the saturation signal measured a$H
=0.1 T can be detected up I,=200 K. A power-law fit
Magnetization loops were measured during warming ugfor the remnant value beloi. is not satisfactory because of
with a rate of roughly 5 K/min at 100 K decreasing to 1 the fact that6y , is nearly constant beloW =160 K. The
K/min at 200 K, after cooling with liquid nitrogen to about observed temperature dependenc#of can instead be de-
100 K. One loop was measured in 120 sec, thus limiting thecribed by the analytic two-dimensiof2D) Ising function
temperature resolution to 10-2 K in the range from 100 K toconvoluted with a Gaussian distribution 8§ values!*?223
200 K. Figure 1 shows loops for an §ny /W(110) sub- A distribution of T values(width 0.1T¢) can be attributed
monolayer film with a coverage & =0.7 ML. At the low-  to the broad distribution of terrace widtki® contrast to the
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FIG. 3. STM image (115<115 nn?) of an Fg gMn, 4/W(110)
submonolayer film @=0.7 ML). Tunneling parameters ark
. =500 pA, andU=1 V. The adsorbed monolayer appears light
tatiELGé 2. g?]) d%epen:ne?;ni;;g:ﬁr;efrg PZ:tEagr:/ldnS%L\llr(alt:lL%? Sﬁgtr ro'gray' while the uncovered W10 surface is black. The magnified.
monolla;érr film (I:)S=O 7 ML). The solid line répre(;tlents a fit 6f section (223 nrrf) O.f an area cq\_/ered_ by the psel_Jdomorphlc
to the two-dimensior;al Isiné function convoluted with a Gaufssiansubmonolayer reveals inhomogeneities with a corrugation of 40 pm,
L . which might be attributed to the random alloy structure. The LEED
distribution of T . (b) Dependence of the Curie temperatiiggon pattern €;=80 eV) shows the bét10) structure and confirms the
the alloy composition of a M ,Fe, submonolayer @ =0.7). T¢ '

values that are accompanied by a down arrow must lie below thgseudomorphlc growth.
temperature shown.
is considerably smaller than the Fe bulk vallig:(Fe)

substrate used in Ref. 14f the W(110) substrate surface as =1043 K] it is useful to compare the normalized rates
observed by STM. We obtained similar data for a series ofdTc(x)/dx]/Tc(Fe). For the monolayer we obtain
samples with constant coverage and varying Fe concentrd Tc(X)/dx]/Tc(Fe)=(1.8+0.2)X 102 /at. %, while the
tion x. The coverage is not an important parameter since focorresponding bulk value (124102 /at. % is only slightly
pure Fe/W110 submonolayers it was shown th@it de-  smaller. Note that the bulk value for Fe-Mn alloys can be
pends only weakly on the coverage. The total error for thedetermined only for large Fe concentratiorts 0.97 because
determination of the concentrationwas estimated taAx  of the occurrence of metastable martensitic phases at larger
=0.05. Figure 2b) summarizes values fofc andT,. The  Mn concentrations and the transition to a stable fcc random
Curie temperatur@ . decreases almost linearly with increas- alloy phase forx<0.7. These phase transitions are sup-
ing Mn content. The critical temperatuii is about 20 K  pressed for Mp_,Fg/W(110 monolayers.
higher thanT; with a slightly increasing difference with de-
creasing Fe concentration When the Mn content exceeds
25% (x<<0.75) no magnetic signal could be detected at the
lowest achievable temperatufsee Fig. Z0)]. One should Figure 3 shows the morphology of angg#ing #/W(110
note that the Kerr effect is not sensitive to a possibly presensubmonolayer on a particularly large terrace. There is no
antiferromagnetic order. Assuming the same reduction factosubstrate step edge visible in the STM image. The adsorbed
for the Curie temperature and for theé éléemperature when monolayer forms large compact areas. Because of the large
comparing monolayer with bulk alloys, one would expect afree-surface enthalpy of the W substrate, the monolayer is
Neel temperature of 100 K for the FeMn monolayer, decreasthermodynamically stable, i.e., islands of more than mono-
ing for higher Fe concentrations. layer thickness do not appear even at higher annealing tem-

The observed decrease Bf with decreasing Fe concen- peratures. The LEED pattern shows a shpffx1) struc-
tration is in agreement with the properties of bulk Fe-Mnture similar to the W bad10 surface, thus confirming the
alloys. The Curie temperature of bulk bcc Fe decreases at thseudomorphic structure of the adsorbed alloy monolayer.
rate 15 K/at. % with increasing Mn contefitFor the mono-  The same LEED pattern was observed for all Fe concentra-
layer we observed a rate of 4 K/at.%. Because the Curiéions O<x=<1. From the LEED pattern we conclude that Fe
temperature of the Fe/{t¥10) monolayer| Tc(Fe)=225 K] and Mn atoms occupy exclusively regular W lattice sites.

IV. STRUCTURE AND ELECTRONIC PROPERTIES
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Phase separation of adsorbed atoms has to be taken into ot
account even for completely miscible bulk alld/s2® In 0.40
order to exclude a phase separation for the
Fey Mgy /W(110 monolayer, we measured STM and STS
images with high resolution. The magnified section in Fig. 3 036
reveals a grain structure with a mean grain size of 0.5 nm
corresponding to a few unit cells only. The maximum height
corrugation amounts to 40 pm. STS images lead to the same 0.32
result. We attribute the grain structure to a varying distribu-
tion of Fe and Mn atoms in the monolayer resulting in a

varying electronic structure depending on the number of Fe 0.28 .
(or Mn) atoms in the unit cell. The observed compositional '
fluctuation is close to a random distribution. In contrast to 2
the case of Cp ,Fe/W(110 we could not find superstruc- aad 1

dI/dU (arb. units)

tures in the LEED pattern, which would indicate ordered
alloy structures.

For the spectroscopic measurement we prepared a series
of FeMn,_,/W(110 and Cq_,Fe/W(110 submonolayer
films with varying Fe concentration. SpectroscopliddU

0.20 -

. 0.16 Fx=1.0 J
curves were recorded on top of the pseudomorphic mono- R I P PR
layer areas directly after preparation. The stabilization pa- -1.0-05 0.0 05 1.0 1.5 2.0 2.5 3.0
rameters y=+1 V, 1=0.5 nA), applied before the feed- E-E_(eV)

back loop was opened for measuring the tunneling spectra,
tance from the surface and strongly influence the relativéS-monolayer areas of fdn, _,/W(110. Data shown result from
peak heightd! Spectra were measured with increasing®” @verage of approximately ten individual spectra. The sample
sample bias starting &t=—1 V. A comparison of this data voltage modulation is 50 mv apd .the. tp was Stab'“?edl‘m

. - . =1 V andl=0.5 nA. The dotted line indicates the tunneling trans-
to spectra measured with decreasing voltage confirms th%ission functiorsee Eq(2)]
peak positions are not significantly shifted. In order to reduce R
the noise we averaged at least ten S'F‘g'e spectra taken attjctivity can be explained by the tunneling transmission
random positions on each structure. This procedure also a Srobability T:28
erages local variations of the electronic structure. Results are
summarized in Figs. 4 and 5. We focused on the spectra for om — 12
positive sample bias, i.e., with electrons tunneling from the T(s,g)zex;{ —23(-(@—5)) l 1)
tip into unoccupied states of the sample. For positive sample h?
bias the influence of tip states is expected to be less promi... ¢£=(E—eU/2). Sis the tip surface separation and

nent. The tunneling spectra show significant structures cons . . . .
tinuously varying with composition. For Bén, _ /W(110), denotes the effective work function. This function depends

sensitively on the local surface potential and the effective
we observe a shoulder AtE=E—E=2.3 eV for the pure . :
Fe monolayer, which shifts to a lower vala€=1.8 eV for area of tip-surface contact that can vary after each tip ap

the pure Mn/W110) monolayer with increasing Mn content. \?vrg?]((:)?.mlgli(z)red;regollfj%mspp?erstrtg%;F'zﬁ(e:t;?/rﬁfmdelzfr?ﬁz;22{:;13(35
For x=1 a peak can be seen AEE=0.3 eV that rapidly

disappears with increasing Mn content but shows up again é{ansmlssmn function

a lower energy fox=0.2 andx=0.3. The spectra for the F(S,U)=A[T(S,eU/2)+T(S,—eU/2)], )
pure element monolayers are similar to the spectra shown in
Refs. 17 and 27. whereA is the proportionality coefficient related to the tip-

dl/dU curves for Cg_,Fe/W(110 monolayers are pre- surface effective contact area and proportional to the tip and
sented in Fig. 5. For monolayers wiix 0.5 we took care the sample densities of states at the Fermi level, respectively.
that spectra were measured on pseudomorphic areas onlyheoretically, it was shown that this normalization leads to
since part of the surface transforms into a close-packed strughe best sample density-of-statd30S) recovery”® Recent
ture (see Ref. Y for higher Co concentrations. The shoulder experiments on M{®01) surfaces confirm the application of
at AE=2.3 eV for x=1 disappears immediately for<1  this normalizatiorf’ The parameterd, S and® are deter-
but reappears again far<0.5. The weak peak observed for mined by a fit to thedl/dU spectra at the lowest values and
pure Fe near the Fermi energySE=0.3 eV develops into at the high-energy cutoff at 3 eV.
a prominent peak for the pure Co monolayer. Figure 6 shows normalized spectrdI{dU)/F for the

For both sets ofil/dU spectra we observe a discontinu- pure Fe/\WW110 monolayer and for alloy compositions at the
ous variation of the background, particularly at larger sampléoundary of the ferromagnetic region. The weak peaks and
bias voltages. The exponentially increasing differential conshoulders observed in the origindl/dU spectra appear
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FIG. 5. Differential conductivity ¢1/dU) spectra measured on  F!G- 6. Differential conductivity §1/dU) spectralopen circles
ps-monolayer areas of Go,Fe/W(110). Data shown result from normallzeq to the voltage-dependent tunnehng transmission func-
an average of approximately ten individual spectra. The sampldon F, which were obtained for pseudomorphic ,CoFe/W(110
voltage modulation is 50 mV and the tip was stabilizedtat 2and FgMn;_/W(110 monolayers. The dl/dU)/F curves were
=1 Vandl =0.5 nA. The dotted line indicates the tunneling trans- fitted by two Gaussian peak functiofsolid lines.
mission functionsee Eq.(2)].

tion directly the LDOS above the sample surface for unoc-
much more pronounced in the normalized spectra. Spect,%ypied states. Thmaxis represents the total number of elec-
for different compositions can be clearly distinguished. It istrons per atom varying from MnN=25) on the left to Co
not possible to fit the spectra observed for binary compound§N=27) on the right. The most prominent intensity appears
by a weighted average of the spectra observed for pure eldor the equiatomic Re5Mn, #/W(110 monolayer at an en-
ment monolayers. This observation indicates that the elecerdy of +2.1 eV belonging to the feature The maximum
tronic structure at the Fermi level of the alloy monolayers isintensity shifts linearly fronE.=1.7 eV for Mn/\W(110 N
a unique property of the binary alloy monolayer rather than=25 (x=0) toE.=2.1 eV forN=25.4 (x=0.4) and further
the sum of local properties of adsorbed atoms. For the purt® Ec=2.3 eV forN=26 (x=1) [Fe/\M110)], revealing a
Fe/W(110 monolayer the normalized spectrurd!(dU)/F kink atN=25.4 (x=0.4). Feature becomes rather weak for
shows a prominent feature with a maximumWst +0.5 V hlgh Fe concentrations for both aIonS but gains again inten-
(see also Ref. 27 This feature may be attributed to unoccu- Sity for Co,_,Fe/W(110 with x<0.5, i.e., forN>26.5.
pied surface states that have been calculated both for Féhe energy E;=2.3 eV does not depend omnx for
W(110 (Ref. 30 and Fe/M@110) (Ref. 31 revealing a Co;_«Fe/W(110.
prominent double-peak structure in the lo¢aDOS) func- Spectral features and b are comparatively weaker and
tion at slightly higher energies (0.8 eVAE<1.4 eV)3°We  appear at the highest energy for the pure F&/J8) mono-
tentatively fitted this feature by two Gaussian peak functiondayer, shifting to lower-energy values for decreasing Fe con-
a and b with maxima atE,= +0.5 eV andE,=+1.1 eV. centration. For Cp ,Fg/W(110 the two peaks andb col-
This fit was applied to all the spectra obtained for the binaryapse into one intense peakxt0.2, i.e., forN=26.8.
alloy monolayers. For all samples, the set of two peak func-
Fions fits the @1/dU)/F curve for unoccupied states §urpris— V. DISCUSSION
ingly well. The energy positions of the peaks resulting from
the fits are shown in Fig. 7. In addition to the peakandb For the discussion of the spectral features observed in Fig.
near Ex we observe a narrow intensity maximuf@ near 7 we compare the tunneling spectra observed for the pure
E.=+2 eV. element monolayers with theoretical calculations. For Mn/

The experimental results ofl(/dU)/F obtained from all W(110) a band-structure calculation has been performed con-
samples of pseudomorphic monolayers of, Cd-¢,/W(110 sidering particularly tunneling spectroscdgyPeaks in the
and FeMn; _,/W(110 are summarized as an intensity map differential conductivity that were predicted theoretically and
in Fig. 7. The intensity map represents to a first approximaconsistent with the experiment are located Bt Eg
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Intensity (%) The most simple model for disordered binary alloy sys-

0% 50% 100% tems is the rigid band model, i.e., the band structure is inde-

| pendent of the alloy composition while the Fermi level shifts
N with the average number of electrons per atom. This model is
25 26 27 obviously too simple for our alloy monolayers, because it
does not explain the experimental res(dée Fig. 7. How-
25 . - ever, for Cq_,Fe_monolayers one would expect a shift of
—— vV oy the bands towards the Fermi energy with increasing Co con-
20 vwvv centration. This is indeed observed at least for the LDOS
v‘ N feature close to the Fermi level. For,Mn; _, monolayers a
\V, shift of the bands to higher energies is expected at first
glance since the Mn atom has odelectron less compared
to Fe. But as already considered by Friédér bulk alloys,
LI the energy states of manganese may be strongly perturbed,
05 , . oo g because of their negative nuclear chargeZE —1) with
0 respect to Fe, to such an extent that they pass up through the
0.0 ORO Fermi level and so empty their electrons into the unoccupied
o minority 3d states. By this transfer tha:state derived fea-
tures in the LDOS shift toward&r.

In order to compare the LDOS features in Fig. 7 with the
_ 30 magnetic properties, we plotted the Kerr rotation as a func-
B 20 tion of alloy composition on the samxeaxis. In this work we
2 measured the Kerr rotation 6y for uncovered
q:‘E 10 N FeMn;_,/W(110 monolayers at a constant relative tem-
0 o2, perature T/To=0.9 representing a value roughly propor-

00 02 04 06 08 1.0 08 06 04 02 00 tional to the ground-state value. For Au covered
Alloy composition (;ol,xFeX/W(ﬂO) monolayers_we present previously pub-
Mn Fe Co lished data, Ref. 7. A comparison of data for uncovered and
Au covered monolayers is justified here because nearly iden-

FIG. 7. Intensity map of the normalized differential conductivity tical results were shown for the uncovered, Cd~g,/W (110
spectra  (I/dU)/F  for pseudomorphic ~monolayers of systen® although one should note that a coverage may
Co,_«Fe/W(110 and FgMn; _,/W(110. Maxima of the Gaussian change the electronic properties.
peak functions fqr the featuresandp are indicated by open circles. From the study of the thickness dependence of the Kerr
Open triangles |nd|<_:ate the maxima of peakThe Iovyer panel  rotation for Cq_,Fe/W(110 Iayer§ one obtains the infor-
shows the Kerr rotatiod, measured at a constant relative tempera- ation that the specific Kerr rotation varies only little with
ture T/T-=0.9 for FgMn; _,/W(110). Similar data for Au covered in rough agreement with the compositional dependence of
Co,—xFe/W(110 monolayers are taken from Ref. 7. the magnetization for bulk alloys. Details are different, i.e.,

the maximum of the Kerr rotation occurs fare=0.5 while
=—0.4 eV and+1.7 eV}’ similar to our observation. The the maximum moment is found for=0.7. The numerical
peak atE—Er=—0.4 eV was assigned to an occupied sur-variation of magnetization and Kerr rotation is of the order
face state while the peak atl.7 eV is identified with a of 10%. Therefore, it might be assumed that for alloy mono-
laterally constant part of the calculated DOS, i.e., flat “ layers the Kerr rotation is a rough measure for the
states.” For the Fe/\lL10) monolayer a prominent double- magnetizatior.
peak structure in the calculated LDOS function at 0.8 eV The decrease of magnetization at low temperatures ob-
<AE<1.4 eV(Ref. 30 was attributed to unoccupied minor- served for Au/Ce_,Fg/W(110 monolayers with increasing
ity surface states. This feature may be related to the peaksN might be attributed to a filling ofl holes, similar to the
andb observed in thedl/dU)/F curve (see Fig. 6. Aflat  properties of alloys on the right branch of the Slater-Pauling
d-band structure calculated &t2.2 eV (Ref. 30 both for  curve. The rapid vanishing of the magnetic signal niar
minority and majority electrons might be responsible for the=26.5 is certainly due to the finite temperature in combina-
featurec. For Co/W(110) a flatd-band complex for majority tion with the reduction ofT. This simple assumption of
and minority states at thE point was calculated at2.5 eV  d-hole filling does not quantitatively explain the reduction:
(Ref. 32 that might be identified with the corresponding The initial reduction of the Kerr rotation with increasimy
peak observed in our case. Note that the Cd/M® mono-  corresponds to a reduction Afu= —2.9up per additionald
layer is ferromagnetic in theoretical calculatiortat T electron’ This is in sharp contrast to the Slater-Pauling be-
=0 K) (Ref. 32 while ferromagnetism was not found in havior of Au=—1ug per electron. For EMn,_, alloys
experiments at finite temperatures. For the alloy spectra it ifriedel's modet® would predict a reduction ofA u/Ax
a reasonable assumption that the observed intensity maxinra— (AZ+10)ug= —9ug/atom. For FgMn;_, monolayers
(LDOS maxima are caused by similar features in the bandwe obtain a value oA u/Ax=—(8x2)ug/atom.
structure as for the pure elements. For both compoundd . decreases with decreasing Fe

E-E_(eV)
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concentration. In the case of Au/CoFe/W(110 monolay- tained for Au/Cq_,Fe/W(110 monolayers. STS reveals

ers this decrease was explained by the Stoner model thaharacteristic maxima in the unoccupied LDOS near the
relatesT to the total DOS at the Fermi lev&l(Eg) in the  Fermi level, which shift toward&g with decreasing Fe con-
paramagnetic stateFor bulk Fe, theoretical results showed centration for both alloys investigated here. The STS study
that the Fermi level is below the maximum of the paramag-shows that the observed LDOS is an alloy property and not
netic DOS? The spin-resolved DOS of bulk Fe shows sharpthe Weighted_ sum of the LDOS of individ_ual elements. The
maxima atE,, below the Fermi energy for majority electrons observed shift of electro.nlc states gxplams the decrease of
and atE g, above the Fermi energy for minority electrons. Tc by the Stoner_model in combination with a recent band-
The energy differenc&g— E,, is smaller tharE o, . structure calcu_latlc_)n for_ Fe/\W10 monolayers. The re_duc-
Consequently, the mean vallgou,+ E 2 is aboveE as tion of magnetization with decreasing Fe concentration can

¢ L . be explained by a simple model dfband filling, similar to
expected from the paramagnetic result. A similar evaluatio . y : i
of the spin-resolved DOS for the Fe(fd0) monolaye?® he explanation of the Slater-Pauling curve for binary alloys.

) uantitatively, the properties of the alloy monolayers are dif-
leads to Egownt Eup)/2<Eg. Therefore, we estimate that Q 4 prop y Y

: . : ferent from bulk alloys.
the maximum of the paramagnetic DOS is belgw. Con- (i) We observe a maximum value fd and for the mag-

sequently, the increasing band filling leads to a decrease Qfatization for the pure Fe/\WW10) monolayer, in contrast to
N(Ep) and as a consequence of the Stoner model reducgfe pehavior of bulk alloys where maximum values are ob-

Tc. The shift of electron states towarts with increasing  (5ineq for Cq, 4Fe, - alloys. Whether this difference origi-
Co concentration, which was tentatively assumed in Ref. 7pateq from the 2D character is an open question. In our case

is now directly observed in the tunneling spectra. The de'only one parameter is varied, namely, the composition,

crease off ¢ observed for FgMn, _, monolayers can be ex- \yheareas in bulk alloys, the lattice parameter varies with com-
plained by the same argument taking into account that thSosition.

partial replacement of Fe atoms by Mn atoms shifts the elec- (ii)
tron states near the Fermi level towars similar to the
partial replacement of Fe atoms by Co atoms.

On the right side of the Slater-Pauling curve the de-
crease of the magnetization is significantly faster
(—2.9 ug/electron) than the-1 ug/electron(hole filling)

value on the bulk curve. This difference cannot be explained
VI. SUMMARY by purely optical effects on the Kerr rotation as the electronic

In summary, we have grown pseudomorphic binary alloyStructure changes.

monolayers FgMn,;_, and Cq_,Feg, on W(110), where Fe
atoms are randomly replaced by Mn or Co atoms. We ob-
serve a reduction of the Kerr rotation and a reductioff gf We gratefully acknowledge financial support from the
for FeMn,_,/W(110) monolayers with decreasing Fe con- Deutsche Forschungsgemeinschaft. We thank U. Gradmann
centration. This behavior is similar to previous results ob-for a critical reading of the manuscript.
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