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The critical phase transition in ferromagnetic ultrathin FEY%9) films has been studied using the magnetic
ac susceptibility. A statistically objective, unconstrained fitting of the susceptibility is used to extract values for
the critical exponeny, the critical temperatur&,, the critical amplitudey,, and the range of temperature that
exhibits power-law behavior from individual experimental measurementg(®j. This avoids systematic
errors and generates objective fitting results. An ensemble of 25 measurements on many different films are
analyzed. Those which permit a fitting range in reduced temperature extending lowes 46K 102 give
an average valug=1.76+0.01. Bilayer films give a weighted average valueysf 1.75+0.02. These results
are in agreement with the two-dimensional Ising exponeﬁl%. Measurements that do not exhibit power-law
scaling as close t@, (especially films of thickness 1.75 monolayshow a value ofy higher than the Ising
value. Several possibilities are considered to account for this behavior.
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[. INTRODUCTION culty is determining the temperature range where scaling is
observed. Since real, finite systems do not show infinite di-
Experiments that seek to measure critical phase transiergences, the order parameter departs from power-law be-
tions are very important to physics at a fundamental levelhavior close toT. because of finite-size effects, dynamical
Careful experiments can be used to test the theoretical moaffects(in ac measurementsa finite demagnetization factor,
els of universality and scaling. The true nature of the ordeand so on. To fit the data properly, an objective, four-
parameter of a system, both in terms of dimensionality angharameter power-law fit of the data is required. In addition to
degrees of freedom, is revealed at the transition and impofF. andy, the fit should find values for the critical amplitude
tant physical insight is gained in the looking. Xo and the cutoff for power-law behavior negy. Finally, in
An ultrathin magnetic film closely approaches the physi-order to demonstrate true systematic behavior, it is clear that
cal realization of a truly two-dimensional magnetic system,the analysis of many films and measurements is necessary.
and offers a better system for studying critical phase transi- It is perhaps surprising that after two decades of investi-
tions in two dimensions than more traditional layered bulkgating the critical properties of ultrathin ferromagnetic films,
materials such as RBoF,,* where interlayer interactions no published measurements pimeet these criteria. An im-
will always be present, even if only to a small degree.pressive study by Backt al® on Fe/W110) ultrathin films
Bander and Millé have shown that when ferromagnetic thin determinesp and the exponent of the critical isothersh
films have uniaxial anisotropy, the critical regime near theusing the dc magnetization, and then derivyesising the
Curie temperature is described by the two-dimensional Isingcaling relations between different exponents. The value of
model. For this reason, a great number of measurements @, is not fit, but rather taken to lie at the peak of the dc
the static critical exponents of ultrathin ferromagnetic filmssusceptibility for a particular experiment. The results agree
have been reported. Almost all of this experimental workwith the predictions of the two-dimensiondRD) Ising
concentrates on the critical exponent of the magnetizatiormodel. This represents a check of the internal consistency of
B.371°To our knowledge, there are only a handful of reportsthe data and scaling relations, but is not an independent mea-
in which the critical exponent of the magnetic susceptibility, surement ofy. Elmerset al* report dc-susceptibility results
v, is investigated experimentally for an ultrathin magneticfor a series of submonolayer films of Fe(¥20 and findy
film.*19=1% Unfortunately, almost all of these susceptibility =2.8+0.2, significantly different than the 2D Ising value of
studies have at least one of a number of deficiencies which.75%° It is not clear to what extent this finding is a result of
call the results into question. using an incomplete film layer or if, as they suggest, the
A common difficulty in the determination of critical ex- material is exhibiting the behavior of an anisotropic Heisen-
ponents is the determination @f. Small variations in the berg system. Other studies report results only for a single
assumed value of; have a profound effect on the fitted measurement from a single filtd.Still others use question-
value of the critical exponent, and introduce confidence lim-able criteria for determining@ ., such as the disappearance
its that are usually much larger than those derived from @f the imaginary component of the susceptibility in an ac
simple two-parameter fit for the critical exponent and ampli-measuremeni the peak of the real ac susceptibiftty'® or
tude. The extreme sensitivity of the resultsTioimplies that  the presence of a “shoulder” above the peak of the
the same data must be used to determine Hqtland the  susceptibility* under special circumstances.
critical parameters. This is particularly true for metastable This paper presents the results of a collection of 25 mea-
ultrathin films, since very small shifts in the critical tempera- surements of the ac magnetic susceptibility of Fe films be-
ture are often introduced by temperature cycling and anneatween 1.5 and 2.0 ML(monolayey grown epitaxially on
ing, or by residual vacuum contamination. A second diffi-W(110), and the values ofy derived from them using an
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objective minimization of the statistical variance between thevhere w is the driving frequency of the magnetic fiefd.
data and a power-law fit using four parametérs; y, the  This final form of the magnetic susceptibility limits the abil-
amplitudey,, and the low reduced-temperature cutigffor ity of experiments to probe critical behavior very close to the
fitting. Error estimates o, and y are provided by &  transition. To observe any critical scaling in the experimental
variations in the statisticg}®. The results fall into two dis- data, two requirements must be met: we must Hs\aiffi-
tinct classes. Measurements exhibiting power-law behavioeiently small and we must haveo¢)?<1.0.

over a long range of reduced temperature extending down to The extreme aspect ratio of ultrathin films leads to very
a cutoff t,<<4.75x 10 3 give an average critical exponent small values oN. For systems that have their moments ori-
vy=1.76+0.01. Measurements which exhibit power-law be-ented in planeN is proportional to first order to the thickness
havior down to larger values ¢f show a systematic trend to divided by the effective lateral dimension of the filfnFor
higher values ofy which depends rather linearly on tj¢  films that are one or two atomic layers thick and many thou-
The possibility that films which give a high value gfhave  sands of lattice spacings widbl will be extremely small.

a distribution of transition temperatures will be addressed td his is another reason why ultrathin films are ideal for stud-

explain this unexpected result. ies of critical phenomenon in two dimensions. Previous stud-
ies of the susceptibility on ultrathin films have attempted to
Il. THEORY estimateN (and include the estimation in the power-law fits

by using the maximum value of the real susceptibifftfhe
According to scaling theory, the real component of theargument proceeds by rearranging ). as follows:
intrinsic magnetic susceptibility x(,;=JdM/JH) above the

Curie temperature of a critical phase transition is described 1 1 ©
) . = +N. 6

by the power-law equation: Yord D) xime(T)
Xint(D=xot ™7, (1) This leads one to the conclusion that &, when yi, is

infinite, N=1/xax. This simple treatment has several prob-
d lems even for dc-susceptibility measuremei(ghere o
=0) in that it ignores other effectéfinite field, saturated
correlation length, etg.that will saturate the susceptibility
T-T. and will give a value foN that is artificially too high and is
T ) (2 at best an upper limi If this limit of N is then used in the
¢ power-law analysis, the resulting quoted valuesyashould

For experimental measurements of the magnetic ac Sug_egalled !ntoﬁquctastlon. \v significant h it
ceptibility, additional terms need to be added to account for -YNamic ETECIS are only signitican neag where criti-

both demagnetization and dynamical effects. The demagn@—al _sl_owiryg down will lead to a Iart%?e re_Iaxation time for the
tizing factorN is folded into the expression for the intrinsic equilibration of the order parameterThis can be less of a

susceptibility by augmenting the magnetic field by pr(_)blem n de measurements, but the increased S|gnal—tq—
noise ratio that is achieved in ac measurements makes it

Hori=H—NM 3) worthwhile to deal with the dynamics problem. In fact, criti-
¢ ' cal slowing effects should disappear once the temperature is
whereH¢; is the effective field acting on the ferromagnet. increased more than a degree or two ab@ye Dynamic

where x,, is the critical amplitude,y is the static critical
exponent for the susceptibility of the order parameter, an
is the reduced temperature abolg, given as

t=

This gives rise to an effective susceptibility of effects will change the temperature at which the susceptibil-
ity exhibits a maximum{depending on the measurement fre-
Xint(T) guency used making the evaluation of ;. by that method
Xerf(T)= ———. (4 difficult if not impossible.
1+ NXin(T)
It is easy to see that for a nonzero valueNyfthe suscepti- . EXPERIMENT

bility cannot diverge aff.. N will “dampen” any experi-

mental measurement gf as long as the value of the product p :
Nir, is comparable to or greater than 1 ers can be grown at least up to 2 M{_Previous studies of
n .

To accurately describe results from ac susceptibility, it ish&/VM110 have shown that the magnetic properties of the

necessary to add the effect of the relaxation time of the madilmS depend sensitively on the film thickné§§ome stud-
netization to the effective susceptibility. In the linear- €S of films less than 1.5 ML show an interesting perpendicu-

response approximation, for systems with an exponential rdar magnetization due to the film structure which results from
laxation time (), M () exp(—7/7) whereTis time. Under  Step-flow growth’-.2*23. Pietzschet al2*find perpendicular do-
the influence of an externally applied sinusoidal field, the™a"S for narrow bilayer stripes on a Fe monolayer at low

real dynamic susceptibilityy() can be written as temperaturegabout 16 K grown on a miscut surface. For
this study, we concentrate on the thickness range from 1.5 to

, 2.0 ML, where many studies have confirmed a large in-plane
Xett(T) ; ;

ez (5) anisotropy for this system.

1+[wn(T)]? The experiments were performed in an UHV environment

Fe/W(110 ultrathin films with high quality epitaxial lay-

X' (T)=
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minimum half-width is achieved for fields less than 1 Oe.

FIG. 1. Magnetic ac susceptibility measured from a 1.8 ML film
of iron grown upon W110). The real and imaginary components of
the susceptibility were measured simultaneously.

ceptibility measured from a 1.8 ML iron film. The measure-

with a base pressure 06410 1° torr. The films were grown Ment was made with an applied field amplitude of 0.7 Oe at
by molecular-beam epitaxy from a 99.995% pure iron wire.2 frequency of 400 Hz. o _
The substrate was a tungsten single crystal that had been cut It would be best to use an infinitesimally small field, but
and polished to expose thi#10] face. The cut is accurate to ©Of course this is not possible experimentally. A study of mag-
within 0.2°. The first Fe layer was deposited at room tem-netic susceptibility peak shape as a function of field was
perature and then annealed for 1 min to 500 K. This slighonducted to see what value of the field would give the best
annealing produces increased sharpness of the resultifg@MPromise between signal and finite field effects. Figures
pseudomorphic low-energy electron diffractittEED) pat- a) and 2b) show the maximum value and full width at half
tern. Further depositions were performed at room temperdl@ximum(FWHM) for the susceptibility peaks, respectively,
ture with no annealing. The film growth, thickness, and qual-8S & function of the amplitude of the applied field. The trend
ity were monitored by Auger electron spectroscopy andP€low 1.0 Oe in both graphs is independent of field size,
LEED. (except at extremely low fields where the signal itself disap-
The acx,, measurements were made via the surfacdears but de_vi_a_tes for higher fields_. Resulting measurements
magneto-optic Kerr effect using a focused He-Ne laser spo?f a suscepnblhty peak measured in these small fields give a
with a diameter of~0.75 mm. Small coils near the surface FWHM typically between 2° and 3.5°. In these measure-
produced a sinusoidally oscillating magnetic figddwhich ments, smaller field ampllt_udes were _acces&ble_but th!s gen-
influences the moments in the paramagnetic film abByve erally leads to a degradation of t_he S|gnal-t0-n_0|se ratio.
The field was applied along the film's easy aKig0]. The Sample heating was accomplished by running ac current
surface magneto-optic Kerr effect produces a rotation of thén® more than 1 A rmsthrough a small tungsten wire fila-
polarization of the laser light reflected off of the magnetic Ment located behind the tungsten crystal. ac current at 60 Hz
surface. After the reflected light passes through a polarize¥/@S used to reduce the effects of stray offset fields at the

almost crossed with the incident polarization, the Signapurface. It had been fou_nd in the past that a dc current in_tro-
manifests itself in changes in the light intensity at the pho duced a 0.1 Oe offset field at the surface. The 0.1 Oe field

todiode detector. The f1signal is read by a dual-phase caused by the heating filament is much less than the applied
lock-in amplifier that can simultaneously record both the in-fi€ld used in the measuremelfypically 0.7 O¢ and is much
phase(or rea) susceptibility[ x'(T)] and the out-of-phase less than the field which increases the FWHM of the suscep-
(or imaginary susceptibilityl x"(T)]. The raw signal is cali- tibility peak (Fig. 2). Any questions about the effect of the

brated to Sl units and the entire signal can be represented 5 ating current were answgred by. comparing data taken
while increasing and decreasing the film temperature, respec-

tively. The value of current used in the two methods differed
Y(T)=x"(T)+ix"(T). 7 by a factor of 3, and there was absqlutely no difference in the
final data. The temperature of the film was measured using a
W/WRe thermocouple embedded in the tungsten crystal and
Figure 1 shows a typical measurement of the complex sughe rate of temperature increase/decrease was in most cases
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limited to 0.2°/min. This low rate more than adequately 200
compensates for thermal variations in the crystal and permits
even heating of the film over the entire surfacel( cn¥).

In a few cases, the susceptibility was also measured in the
two directions orthogonal to the assumed easy dRi31] (in
plane and[110] (perpendicularin order to check that no
perpendicular magnetization was present. These measure-
ments showed zero signal, indicating no moments along
those directions. This result does not necessarily contradict
the findings of Pietzsclet al?* since the temperature and
substrate step density are very different in the two experi- 0 . b | . | ——
ments. 450 455 460 465 470

Temperature (K)

T T T T T T T T T T T T

—
wh
<

Real x (SD
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IV. DATA ANALYSIS

To fit the susceptibility data to Eq.d), an objective, |
many-parameter fit was used to determine the best values for al
the Curie temperaturg;, the critical exponeny, the critical =
amplitudey,, andt, which is the smallest value of the re- =3
duced temperature to show power-law scaling. -

The fit is performed in double-logarithm spada(y) vs |
In(t)], the slope of which will correspond to the critical ex- 1k
ponent. Taking the logarithm of the susceptibility necessi- L
tated the removal of data points whey€T) goes to zero. T S R —
Since these points are weighted the least, this “weeding” out In(T/Tc -1)
of points does not adversely affect the final fit. A small range
of temperatures close to the peak was chosen for possible FIG. 3. Power-law fit for a typical susceptibility measurement.
values ofT, used in the reduced temperature. For each con® x Vs temperature. Solid line shows the fit in linear space and
sidered value ofT., a weighted least-squares fit was per-dotted line shows position of ;. (b) Fit in log-log space, with
formed on the data in the new In-In data space from, g dotted lines showmg position df,,,, and t, . tmax @lways corre-
(which always corresponds to the data point measured at tH@°nds to the maximum temperature which was measured. The
highest temperatuydo a cutoff value Ing). solid line represents the linear function fit in the double-log space.

t, was itself varied over a range from just belty,, to a _ > -
value of t where the power-law scaling was obviously no F19uré 5 shows” versusT, for the data in Fig. 3. Due to the

longer valid. The variance of the fit was minimized for the good signal-to-noise ratio of the data and the large number of

best value ofT, and the cutofft,. The variance is the best POINts in the limited temperature range, the error Teris

test for a fit made in a many-parameter spaaghere the very small. The number of points in the fit used for Fig. 5 is
number of points does not remain constant. It is given by 1905, which gives a reducegf for the fit of 1.8, signifying
a very good fit to the data. THE. value from this analysis is

It It
R~ [In(Xi)_F(ti)]z/ 11
where y; is theith data point,F(t;)=In(xo)+n(t) is the 4562
fitted function, ando; is the error associated with the loga-
rithm of each data point. Figure 3 shows data for which a 4560
contour plot ofs? as a function ofT, and In,) is presented Te
in Fig. 4. There is a global minimum &t,=455.84 K and 455.8
In(t,)=—5.355 (corresponding to a temperature of 457.99
K). There are local minima exhibited in the graphs that have 455.6
higher values fot, than the global minimum. The fact that ]
the global minimum fits the data closer 1q increases its 4554
significance.
To get an error estimation ofi;, the fits were recalcu- 455.2 ASatsasasaancan ‘
56 55 54 53 52 51

lated while keeping the optimum value of f)&—5.36 to
allow for a careful statisticay? analysis for a consistent
number of data points. According to statistics for a multivari-  FIG. 4. Contour plot ofs? as a function ofT, and In¢,). The
able fit? the 65% confidence range for a parameter is giverylobal minimum (indicated by the crogsshows the values of,
by the parameter values that increase the unredyééxy 1.  =455.84 and Irt()=—5.355 corresponding to the best fit.

In(¢ )
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Checking the saturation from dynamic effects requires a
FIG. 5. Graphs ofy? vs value ofT, used in fit.(8) shows the more definite knowledge of the time response of the mo-
minimum in x with a smooth function fit to the point$b) shows  ments as a function of temperature than these measurements
the fitted curve with an indicated range corresponding to a changgyrrently allow. However, a simple calculation can be made
in x* of 1.0. The value off with error for this data set i¥.  on a theoretical basis. NedT,, the relaxation time of the
=455.84£0.03 K. magnetization will undergo critical slowing down which, by

455,84+ 0.03. While this range oT, creates an uncertainty 1€0ry, follows the formula
in v on the order of the error from the least-squares analysis, ,
the two effects should compound to increase the confidence (T)=7ot" %, 9)

limit on vy slightly. The value for the critical exponent from ) » . )
the particular data set in Fig.(& is y=1.75+0.02. The wherev is the critical exponent associated with the correla-

fitted critical amplitudey, is 7.3=0.3x 102, tion length andz is the critical slowing down exponent.

It now becomes necessary to check for both dynamic an¥Vhile there are very few experiments that measure the criti-
demagnetization effects in the data. It has already been ré&2l slowing down of the relaxation time on ferromagnetic
marked that a demagnetization factor equal tp,Li pro-  systems, theoretical simulatic?ﬁ§7suggest that the value of
vides an upper limit on the value df. This assumption z should be~2.2 for the 2D Ising system. The value fog
would lead to a value oN for the data in Fig. @) to be  should be very small, on the order of inverse GHz to agree
about 1/150 or 6.6% 10" 3. Numerical simulations show that with ferromagnetic resonance frequencies.
once the value of the produdty approaches 0.05, the ob-  To see no dynamic effect iy;,; as per Eq.(5) requires
served power-law behavior of the intrinsic susceptibility is(w7)2<0.05. Using zv=2.2, 7,=1x10°%s and o
lost [see Eq.(4)]. For this data set, this would occur at a =(27)150.0 Hz, we find that Ig) will be —5.6. This is
temperature of 464.2 K, giving a value of if)(approxi- close to the fit value for Iri{) and may be the reason for the
mately equal to—4.0. In other words, if we believe the saturation of the susceptibility. Better estimatesrpandzv
above estimate foN, then no linear segment in double-log are required to pursue this question further.
space would extend closer Tq than this. The results in Fig.

3(b) clearly show the linear segment extending much lower V. RESULTS FROM MANY EILMS

than —4.0. The value ofN must therefore be much smaller.

The power-law behavior in fact deviates at a temperature of Critical power-law fitting was performed on a sample of
~458.0 K. If we take the “5% rule” a step further, the maxi- 25 different measurements from many films grown between
mum value ofN then becomes-1/1632 or 6. 10" %, afull 1.5 and 2.0 ML. Figure 6 shows a plot gfas a function of
order of magnitude lower than the previous estimate. Thidn(t,) for all 25 measurements. For films with a smallt{j(
lower value is more in keeping with the value Mfexpected 7 is consistently close to the 2D Ising value. For films with
from geometric arguments and provides a new upper limitarger In¢,), vy grows systematically larger. It is also apparent
on N. that the value ofy is correlated to the film thickness.
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50— T 7 T T T T T value of the exponenty.¢;, is approximated by

e Yerr=y—aA[t[4, (10
= 150 —
o wherea is a constantf is some “average temperature” rep-
3100 resenting the fitting range, and the expon#ris close to 0.5
3 for Ising system® regardless of the dimensionality of the
< 30 system. Ift, is chosen as$, the data in Fig. 6 can be reason-

0 ably described by Eq10) with A=~3. The large discrepancy

440 between the fitted and theoretical value ofsuggests that
corrections to scaling are not the important factor here.
Another possibility for the rising value oy is dimen-
sional crossover from an Ising system to an anisotropic
Heisenberg system as a function of temperatileis well
known that true two-dimensional Heisenberg systems cannot
support long-range magnetic order abdve0,%! but only a
small amount of anisotropy is required to lift this restrictfon.
It is possible that the films that exhibit high values oftJ)(
are showing higher values of because they have a smaller
anisotropy and the exponent is measured in a temperature
range where it is still crossing over from one universality
class to another. This explanation was also offered by Elmers
-7 -6 -5 -4 3 et al? for their 0.8 ML results, and it is interesting to note
In (T/T,-1) that the value of Irt{) in their result would be-5.3, which
is consistent with the onset of higp values in this study.
" However, there are several arguments against this idea. First,
Solid line in both graphs represents the fit. Minimunsfroccurs at none of the datz_i W'th an IS'r,]g exponent show a crossover to
T,=447.78 K and In()=-5.13 giving y=2.89+0.04 and y, largery wh'entx'|s art|f|c!ally |n.creased. Second, none qf the
—5.3+0.5x10°5. data used in this work, including those data sets that fit with
a In(t,) value less than-6, shows anything resembling a
The following weighted and unweighted average resultS'hreak point” in the double-log slope indicating different

In(y)

FIG. 7. Susceptibility measurement and fit for 1.75 ML film
Objective fitting algorithm fits a value of outside 2D Ising class.

for y can be given. critical power laws over different temperature ranges. There-
(1) For bilayer films, the weighted average valueyofs  fore, there is no clear indication that dimensional crossover
1.75+0.015 with an unweighted average of 1:7@.023. is occurring. Finally, a reduced anisotropy should result in a

(2) For sesquilayer films, the weighted average is 1.6XZhange in the trend of the transition temperature as a func-
+0.01. (This weighted average is suspect as there are onljion of thickness”? an effect which we do not observe.
three data points with small individual error which do not  The third possibility is that the films in the sensitive thick-
overlap) The unweighted average is 168.13. ness range have a wider distribution of transition tempera-
(3) The weighted average value gffor films with In(t,) tures. It is easy to understand how this would affect the fitted
less than—5.35 is 1.76:0.01. The unweighted average is slope. If some fractional area of the film undergoes a phase
1.76+0.04. Most of the films with values df in this last transition at a temperature slightly above the average
range are either 2.0 or 1.5 ML, but there is also one mea*mean” value of T, used to reduce the temperature for the
surement at 1.75 ML and another just below 1.5 ML. logarithmic plot, then those areas will register as an artifi-
Films with a thickness of 2.0 ML and 1.5 ML consistently cially high slope in the fit. While the exact nature of the
have the lowest values of Iy and these are the films that distribution is unknown, it is certain that any distribution
give (on averagethe 2D Ising result. If these data are reana-with values above th@ used in the fitting routine will in-
lyzed by artificially increasing Inf), the value ofy does not crease the fitted exponent. To gauge the effect quantitatively,
increase significantly. Figure 7 shows data for a 1.75 MLa series of data sets were modeled using a normalized Gauss-
film which gives a non-Ising value of. It is clearly not ian distribution ofT. and an intrinsic value of of 1.75. No
meaningful to decrease Iy for this data. It is thought that significant increase is found to occur as long as the half-
the higher values of,, are an indicator of an as-yet not un- width is less than 0.25 K. A half-width in the distribution of
derstood process that affects the power-law scaling when thg, of just over 0.5 K to cause a 1% increasen and a
film thickness is just below 1.5 ML or between 1.5 and 2.0half-width o 1 K gives a fit exponent of 1.81, a 3.5% in-
ML. It is possible that this process is also responsible for therease. To achieve a fitted value fgrof 3 (near the maxi-
high value ofy reported for films of 0.8 ML thickness. mum fit value in the 25 measurementsquires a half-width
We have examined several possible explanations for thief 2.5 K. It may be that the films less than 1.5 ML and
behavior. The first involved using corrections to scalingbetween 1.5 and 2.0 ML are more sensitive to small struc-
argument&?° that should be taken into account for fitting tural inhomogeneities that give rise to a wider distribution of
data far away fronT .. If this is the case, then the effective T.. Films with a complete second monolayer will be more
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homogeneous than films that are slightly thinner. We specufind the critical exponent for bilayer Fe/f/10) films to be

late that the distribution of transition temperatures may bel.75+0.02 and for films in general with a value of below
related to the distribution of atoms that are located at ste@.75x 10 3, y=1.76+0.01. This result confidently places
edges between the first and the incomplete second mongnis system in the 2D Ising universality class. The fitting
layer. For the complete 2 ML, the films should be very ho-routine allows the simultaneous extraction of the critical ex-
mogeneous and a narrow distribution may be expected. Thgonent and the critical temperature from a single measure-
1.5 ML films have equal areas that are 1 ML and 2 ML thick, ment of the susceptibility. There is evidence of another pro-

respectively, and as sucho%r%eser!t a uniform configuration Qfess \which affects fitting of the susceptibility for certain
steps which have been showio give a correlated magnetic oy nesses. This may be due to these films having a larger
state. The 1.75 films are on the threshold of the perCOIat'oraiistribution of critical temperatures

limit of the second monolayer and it is possible that slight
structural deviations are more likely to cause a wider distri-
bution of transition temperatures. This suggestion may also
explain the high value of reported for 0.8 ML filmg! ACKNOWLEDGMENTS
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