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Abstract. Fe/Tb multilayers (MLs) with Fe and Tb layer thicknessestFe = 1–5 nm and
tTb = 1.9 nm are prepared by thermal evaporation at substrate temperaturesTs = 150 (LT) and
300 K (HT), and investigated by means of the magneto-optical Kerr ellipticity,εK , at temperatures
in the range 506 T 6 300 K. Amorphous Fe, a-Fe, is encountered fortFe < 3.0 and 2.5 nm
in LT and HT MLs, respectively, a small fraction of which is weakly exchange coupled at all
temperatures. Perpendicular magnetic anisotropy (PMA) induced by the antiferromagnetically
coupled Fe/Tb interfaces is observed on all MLs unlesstFe > 4 nm, where in-plane anisotropy
dominates. In LT MLs with thick a-Fe layers,tFe= 3 nm, a transition from Fe-dominated interface
PMA to Tb-dominated bulk PMA with extreme coercivity,Hc > 4 MA m−1, is observed below
200 K. Field-induced decoupling effects give rise to peculiar hysteresis cycles in the crossover
range 160< T < 210 K. In HT MLs, sharp interfaces bear characteristics of the two-dimensional
Ising model in the temperature rangeTc(a-Fe) ≈ 200 K< T < Tc(Fe/Tb) ≈ 330 K.

1. Introduction

Compositionally modulated multilayers (MLs) of rare earths (RE) and transition metals (TM)
have been intensively studied because of their potential application in magneto-optic recording
[1] and because of their interesting physical properties, including magnetic coupling [2] and
perpendicular magnetic anisotropy (PMA) [3]. For example, amorphous Fe/Tb (a-Fe/Tb) MLs
show strong PMA even at room temperature (RT), independently of the techniques used to
prepare them, e.g. sputtering [4] or evaporation [5]. A strong deviation in magnetic properties
between MLs grown by different preparation techniques is found in crystalline Fe/Tb (α-
Fe/Tb) MLs. PMA is never observed in sputtered MLs with Fe thicknesses oftFe > 2.3 nm
[4] in contrast with evaporated MLs, where the PMA is observed up totFe = 3.5 nm [5–7].
It is well known that preparation conditions strongly influence the magnetic properties and
crystallographic structures [8]. In particular, the substrate temperature is crucial in the
determination of the extents of the interfaces [9], their crystallographic structures [10] and
their magnetic properties [11].

In this paper we reveal the effects of different substrate temperatures on the formation of
amorphous FeXTb1−X alloys located at the interfaces of Fe/Tb MLs and their morphological,
magnetic and magneto-optic properties, by measuring the polar Kerr ellipticity (εK) as a
function of temperature within the range 506 T 6 300 K.

Special attention is paid to a novel soft-magnetic amorphous Fe (a-Fe) component. As
observed for Fe/Tb/Ag MLs [12], it seems to be nearly uncoupled from the remainder of the
ML system and does not change its properties with the change from crystalline to amorphous
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MLs. On the other hand, we investigate the temperature dependence of the total ferrimagnetic
moment at the ‘compensation transition’ in addition to its dependence on the ML geometry.
Whereas the temperature-controlled compensation point for amorphous FeTb alloys is rather
sharply defined [13], the situation is more complex for Fe/Tb MLs, where only the interface
is alloyed. A special situation is encountered if layers of a-Fe are intercalated; these order
magnetically in the same temperature range as Tb,T ≈ 200 K. Here, a peculiar competition
between field and exchange energy is observed at high fields,H ≈ 5 MA m−1.

2. Experimental details

Fe/Tb multilayers (MLs) are prepared in ultrahigh vacuum by thermal evaporation onto Si(111)
substrates at different substrate temperatures,Ts = 150 and 300 K. The pressure is kept below
1× 10−9 mbar during evaporation. The deposition rate and film thickness are monitored by
calibrated quartz microbalances located close to the substrate position. The deposition is held
at a rate of 0.02 nm s−1 for Fe and Tb. The thickness of Fe,tFe, is varied from 1.0 to 5.0 nm at
constant Tb thickness,tTb = 1.9 nm. The total thickness of the films corresponds to 19 Fe/Tb
bilayers capped by an additional top layer of Fe with thicknesstFe. The samples are investigated
by means of the polar magneto-optic Kerr effect (MOKE) at a light wavelengthλ = 633 nm
and at temperatures 506 T 6 300 K in applied magnetic fields|H | 6 4.8 MA m−1 by
applying a polarization modulation technique using a photoelastic modulator and a Babinet–
Soleil compensator [14].

3. Results and discussion

3.1. Thickness dependence

Figure 1 shows the polar Kerr ellipticity (εK) curves of the Fe/Tb MLs with fixed Tb thickness,
tTb = 1.9 nm, and various Fe thicknesses,tFe = 1.5, 3.0 and 5.0 nm. They were obtained at
room temperature (RT) after preparation at‘low’ and‘high’ substrate temperatures,Ts = 150 K
(LT, figure 1(a)) and 300 K (HT, figure 1(b)). A first glance at the hysteresis curves thus obtained
immediately shows that they depend strongly not only on the thicknesstFe, but also onTs. The
HT hysteresis loops (figure 1(b)) reveal complex structures, which strongly differ from the
more uniform ones obtained for the LT MLs (figure 1(a)). As will be discussed below, this
is connected with structural heterogeneity of the MLs involving different modifications of Fe
and interface alloying of Fe with Tb [15].

There are also common properties observed for both LT and HT MLs. In both series
the sign of the MOKE signal changes in the range 1.5 6 tFe 6 2.0 nm. Since the MOKE
signal is primarily due to the TM component [16] and ferrimagnetic coupling is encountered
in the case of Fe/Tb [17], a change of sign inεK signifies a compensation point as observed
for Fe/Tb MLs prepared by sputtering techniques [18]. Furthermore, a changeover from PMA
to in-plane anisotropy is observed for LT and HT MLs in the interval 3.0 < tFe < 5.0 nm.
The magnetization loops change from rectangular and hysteretic to oblique and reversible with
saturation fieldsHs ≈ 1 MA m−1.

Some correlations between the magneto-optic and the magnetic properties of the LT MLs
(figure 1(a)) are illustrated in figure 2, where the saturated MOKE ellipticity,εs

K (panel (a)),
and the corresponding saturation field,Hs (panel (b)), are plotted versustFe. In both plots
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Figure 1. Polar Kerr ellipticity (εK ) hysteresis loops of the Fe/Tb multilayers evaporated at different
substrate temperatures,Ts = 150 (panel (a), LT) and 300 K (panel (b), HT) with Tb thickness
tTb = 1.9 nm and Fe thicknessestFe= 1.5, 3.0 and 5.0 nm, obtained at room temperature and light
wavelengthλ = 633 nm. Individual components are denoted as I and II (see the text).

Figure 2. Correlations between magneto-optic and magnetic properties of LT multilayers
(figure 1(a)): the saturated polar Kerr ellipticity,εs

K (a), and the corresponding saturation magnetic
field,Hs (b), versustFe. Curves 1 and 2 ((b): broken and solid curves) show model calculations of
Hs versustFe taking into account the interface thicknessesta−FeTb= 0 and 0.85 nm, respectively.
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three regions can be distinguished. FortFe 6 3 nm (region I) fairly low values of bothεs
K

andHs are encountered. According to conversion-electron Mössbauer spectroscopy (CEMS)
measurements [19], the MLs in region I contain a-Fe. On the other hand, fortFe > 4.0 nm
(region III) typical values ofεs

K ≈ 0.2◦ andHs ≈ 1 MA m−1 are observed for crystallineα-Fe
[12, 15]. In the changeover range, 3.06 tFe6 4.0 nm (region II), a heterogeneous structure of
the Fe films might be anticipated. Although crystallization of Fe takes place above the critical
thickness,tcr

Fe ≈ 3.0 nm, a certain percentage of Fe remains amorphous [10]. CEMS reveals
a fraction of 84% a-Fe in the sample withtFe = 3.5 nm from our LT series [19]. Its relative
importance becomes negligible whentFe> 4 nm, i.e. in region III.

Surprisingly, εs
K decreases with increasingtFe in region I (figure 2(a)), although one

rather expects a linear increase in the ultrathin-film limit [20]. Obviously this tendency
is counteracted by a simultaneous decrease of the saturation magnetization,Mcr

Fe, at the
measurement temperature, RT. This is a consequence of the well-known [21] decrease of
the ordering temperature of Fe/Tb MLs with increasingtFe and involving magnetic interfaces
(consisting of amorphous FeTb alloys) and non-magnetic a-Fe (at RT!) in their central regions.

In parallel with the decrease ofεs
K the saturation fieldHs decreases significantly with

increasingtFe in region I (figure 2(b)). It shows a proportionality betweenHs and the
magnetization of the Fe layers. In the crossover region II, the saturation field steeply rises up to
Hs ≈ 1.05 MA m−1 in region III attFe= 5 nm (figure 2(b)). This value is to be compared with
that obtained for bulk thin films ofα-Fe, which exhibitHs = Ms

α−Fe = 1.76 MA m−1 owing
to the dominating shape anisotropy and the demagnetization factorN⊥ = 1. Two effects
are responsible for the reduction ofHs by 38% in the Fe/Tb MLs. First, the total volume,
V = VFe + VTb, which determines the magnetization, is enhanced by the volume of non-
magnetic Tb and thus decreases the ratioM = m/V < Ms

α−Fe. Hence the magnetization of
the Tb/Fe MLs is decreased, as represented in figure 2(b) by a broken curve labelled 1. Second,
by assuming alloyed interfaces with virtually vanishing moments, the observed variation of
Hs versustFe can be nearly perfectly modelled withta−FeTb= 0.85 nm (figure 2(b), curve 2)
in agreement with previous investigations [9, 12, 15, 22].

The complicated structure of theεs
K–H curves obtained for the HT MLs withtFe= 1.5 nm

and 3.0 nm (figure 1(b)) can be decomposed into individual components as shown by solid
curves denoted as I and II. Let us first discuss the leading contributions, I. They form rectangular
and parallelogram-shaped loops fortFe = 1.5 and 3.0 nm, respectively. According to CEMS
measurements [19], in both cases strong PMA is indicated by the spin texture angles〈θ〉 ≈ 11◦

with respect to the ML normal. Obviously, a coherent-rotation model seems applicable to the
amorphoustFe = 1.5 nm sample [10], whereas for the crystallinetFe = 3.0 nm sample the
magnetization reversal probably occurs via domain formation. This is explained by the larger
magnetization and, consequently, demagnetization energy,µ0(M

s
α−Fe)

2/2, and explains the
fairly low remanence,εr

K (H = 0) ≈ 0.4εs
K .

The second components, II, show small negative saturation Kerr ellipticity,εs
K ≈ −0.02◦,

and low saturation fields,Hs ≈ 0.4 MA m−1, for both cases,tFe = 1.5 nm and 3.0 nm. As
discussed previously [12], the novel component obviously reveals soft-magnetic behaviour
with weak hysteresis. Its magnetization is only weakly coupled to that of the bulk Fe layers.
This is quite obvious for thetFe = 1.5 nm sample, where the Kerr signal II exhibits an
unusual switching behaviour when approaching the low-field range (the ‘inverse’ Kerr loop as
indicated by arrows). At|H | < 0.2 MA m−1 the alignment with the external field (i.e. with the
dominant Tb moment) changes into an alignment with the non-dominant a-Fe moments. This
crossover from field to exchange coupling is also observed at lower temperatures (figures 3(a)
and 3(b)), where it causes the observed asymmetry of the loops II in the vicinity of|H | ≈ 0
(see section 3.2.1).
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Figure 3. Polar Kerr hysteresis loops of HT multilayers withtFe= 1.5 (panels (a), (b)) and 3.0 nm
(panels (c), (d)) measured at different temperatures, 300 (1), 200 (2) 100 (3) and 50 K (4). Curves 4
are decomposed into individual components I and II (solid curves; see the text).

3.2. Temperature dependences

3.2.1. HT multilayers (Ts = 300 K). Figure 3 shows the variation with decreasing
temperature of the hysteresis loops referring to the HT MLs withtFe= 1.5 (panels (a), (b)) and
3.0 nm (panels (c), (d)). The curves labelled 1 (T = 300 K) correspond to those displayed in
figure 1(b). Most remarkable is the tremendous increase of their width (=2Hs) by a factor of
20 that occurs when cooling from 300 (1) to 50 K (4). Furthermore, the switching behaviour at
±Hs of the loops becomes more nearly perfect upon cooling in both cases. Both features are
consequences of increasing PMA due the increasing polarization of Tb with decreasingT (the
Curie temperature of pure Tb isTc = 219 K [23]). In parallel, the amplitudesεs

K are strongly
increasing between 300 and 50 K. As will be discussed in more detail below, this behaviour is
related to the temperature dependence of the saturation magnetization,Ms ∝ εs

K .
It is interesting to follow theT -dependences of the individual contributions to the Kerr

loops discussed above. The decomposition shown in figure 1(b) forT = RT (curves I and
II) are encountered in a similar fashion at 50 K (figures 3(b) and 3(d), curves I and II).
Despite the different Fe modifications involved, a-Fe andα-Fe for tFe= 1.5 (figure 3(b)) and
3.0 nm (figure 3(d)), the most prominent contributions I reveal very similar characteristics,
Hs ≈ 2.2 MA m−1 and|εs

K | ≈ 0.3◦. This clearly hints at the dominating role of the Fe/Tb
interfaces. They bear a high potential for PMA in both cases which is transferred by exchange
coupling to the bulk of the magnetic Fe layers irrespective of their individual structure, a- or
α-Fe.

Interestingly, the ‘uncoupled’ a-Fe contribution II also survives in both MLs. It remains
magnetically soft with anMr/Ms ratio of about 0.5 andHc ≈ 0.2 MA m−1. A closer look
reveals that the two contributions, I and II, vary differently with temperatureT . This is evident
from the plots ofεs

K versusT in figure 4, whereεs
K(I) and εs

K(II) versusT are obtained by
decomposition according to the scheme shown in figures 3(b) and 3(d). It is seen that the
weakly coupled a-Fe contributions II (open circles) vary but slightly when cooling from 300
to 50 K. Both exhibit the same sign (note that|εK | = −εK is plotted in figure 4(a)!) and
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saturate smoothly at lowT , εs
K(II, T = 50 K) ≈ −0.05◦. These observations are consistent

with magnetic saturation of a novel modification of a-Fe withTc > RT in agreement with
observations on Fe/Tb MLs containing Ag blocking layers [12]. As discussed above, the
observed asymmetry of the type-II magnetization loops is caused by their crossover from field
to exchange coupling.

Figure 4. εs
K versusT for HT MLs with tFe = 1.5 (a) and 3.0 nm (b) measured within the

range 506 T 6 300 K (solid squares). After subtractingεs
K (II) versusT for weakly coupled

a-Fe (open circles), theεs
K (I) versusT data (solid circles) are decomposed into the power-law

functions (solid curves) labelled A (best fitted within 2106 T 6 300 K) and B (best fitted within
706 T 6 150 K).

The contributionsεs
K(I) versusT (full circles) reveal two superimposed convex-shaped

contributions of the formεs
K(T ) = εs

K(0)(1− T/Tc)
β with vertices at high (T (A)c ≈ 330 K)

and intermediate temperatures (T
(B)
c ≈ 180 K). The low-T contribution appears much more

pronounced in the case wheretFe = 1.5 nm. Best fits of the data within 2106 T 6 300 K
(figures 4(a) and 4(b), solid curves) are first used to extract the characteristics of the high-
temperature phase A. We findT (A)c = 322± 9 K for tFe = 1.5 nm. The ‘critical’ exponent
is surprisingly small,β(A) = 0.22 ± 0.04. Similarly, we findT (A)c = 346± 9 K and
β(A) = 0.17± 0.02 from the data referring totFe= 3.0 nm and 2106 T 6 300 K.

It is tempting to interpret the exponentsβ in terms of the two-dimensional Ising model
(2dIM), for whichβ = 1/8 [24]. In fact, the ultrathin Fe/Tb interfaces are no more than two
atomic layers thick [22] and show very strong PMA. The following arguments support our
conjecture:
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(a) The extrapolated values ofTc ≈ 330 K lie close to that for Fe0.5Tb0.5 [25]. This seems
to imply that the interface is either atomically smooth with Fe–Tb pairs dominating the
exchange interaction, or corrugated to a depth of no more than two atomic layers. Both
kinds of interface are found in MBE-grown crystalline Fe/Tb MLs, namely rough Fe-on-
Tb and smooth Tb-on-Fe layers [26], whereas only rough interfaces occur in amorphous
HT MLs [11]. Moreover, a linear relationship betweenεs

K and the average hyperfine field
[4] allows us to predict its value,Bhf = 16.3 T, from the measured value ofεs

K(300 K).
It is close toBhf (Fe0.5Tb0.5) = 15.5 T, measured by CEMS [27] and calculated within a
molecular-field approach [28].

(b) Although the power law should fail at some distance fromTc, it is favoured by numerous
examples in magnetic thin-film physics with meaningful critical exponentsβ [29]. At
least their order of magnitude is indicative of the universality class involved. Obviously
the 3d Ising and Heisenberg models, withβ = 0.325 and 0.365, respectively [30], are
definitely ruled out.

(c) After subtracting the high-T contributions,εs
K(A), from εs

K(I) versusT we obtain the
low-T contributions,εs

K(B), which may, again, be fitted to the above power law. We
find T (B)c = 170± 2 K and 180± 1 K, β(B) = 0.62± 0.08 and 0.23± 0.05, for
tFe= 1.5 and 3.0 nm, respectively. Obviously a second component showing more or less
3d ferromagnetic behaviour undergoes a low-T phase transition. According to our above
discussion it appears plausible to attribute these contributions to a-Fe (Tc ≈ 200 K) [31],
which dominates the bulk of the Fe layers whentFe= 1.5 nm, but constitutes only a small
fraction whentFe = 3.0 nm. This result agrees with inferences from recent Mössbauer
studies [11].

3.2.2. LT multilayers (Ts = 150 K) One major effect of the condensation temperature
Ts on the properties of Fe/Tb MLs is the difference in the critical thickness,tcr

Fe, above which
crystallization ofα-Fe takes place. WhereastFe= 3 nm yields crystalline layers ifTs = 300 K,
they are still amorphous atTs = 150 K. As discussed in section 3.1, this situation gives rise
to a rectangular hysteresis cycle (figure 1(a)) owing to strong surface-induced PMA due to
exchange-coupled Fe/Tb pairs [32].

Upon cooling to below RT, the Kerr optical hysteresis loops exhibit very complex changes.
As is shown for the LT ML withtFe= 3 nm in figure 5 for temperatures ranging between 250
and 160 K, the most drastic changes occur between 210 and 180 K. As will be discussed below
in more detail, the observed anomalies of theεK–H curves result from two peculiarities of the
a-Fe/Tb system:

(a) Tb becomes ferromagnetic belowTc = 219 K [23], where it starts to dominate the
magnetization of the Fe/Tb interfaces via ferrimagnetic exchange coupling;

(b) a-Fe becomes ferromagnetic belowTc ≈ 200 K [31], couples to the Fe/Tb interfaces and
increasingly contributes to the total Kerr ellipticity.

A first signature of magnetic heterogeneity of our LT ML (figure 5) is observed at
T = 250 K, where the Kerr loop sharply bends up just before reaching the switching field,
Hs ≈ −0.5 MA m−1. The same feature, namely a linear decrease ofεK versusH in the vicinity
ofH = 0, is observed with similar intensity for all Kerr loops depicted in figure 5. We attribute
this anomaly to a virtually uncoupled a-Fe component in analogy to that of the component
II found in the case of the HT MLs (figures 3(b) and 3(d)). This contribution reveals, again,
negative Kerr ellipticity with nearly constant amplitude,εK ≈ −0.15◦, and a switching field
Hs ≈ 0.5 MA m−1 below its ordering temperature, 250< Tc < 300 K (the dashed curves
denoted as II in figure 5, forT < 210 K).
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Figure 5. Polar Kerr hysteresis loops of a LT multilayer withtFe = 3.0 nm measured in the
directions of the arrows at different temperatures, 1606 T 6 250 K. The curves I (thin solid curves
for 210> T > 160 K) refer to the measured ones (solid circles) after subtracting contributions
due to weakly coupled a-Fe (curves II, broken curves; see the text).

The difference curves labelled as I in figure 5 exhibit three important features:

(a) the coercive field increases fromHc ≈ 1 to 3 MA m−1 when cooling from 210 to 160 K;
(b) the remanence,εr

K , changes sign upon cooling, and achieves its lowest values atT ≈
180 K;

(c) as a rule (except atT ≈ 180 K), the saturation valuesεs
K atH = 5 MA m−1 are lower

thanεr
K .

Assuming that the Kerr ellipticity signals are exclusively due to Fe, while the contributions
due to Tb are neglected [16], we argue first for the limiting cases at 210 and 160 K.

At T = 210 K the large positive Kerr remanence,εr
K = 0.2◦, proves dominance of the Fe

moments in the ferrimagnetically coupled interfaces. A plot ofεr
K versusT (not shown) can be

extrapolated to higher temperatures using a power law with a Curie temperatureTc = 301 K
and a critical exponentβ = 0.39± 0.03. These data are consistent with Tb-rich amorphous
Fe0.4Tb0.6 [25] forming an extended interface with 3d magnetic behaviour. This contrasts
with the 2d magnetism observed at the much sharper HT ML interfaces (section 3.2.1), the
smoothness of which results from phase segregation by thermally activated diffusion.

Surprisingly, the Kerr signal starts to decrease atH > 2 MA m−1 and nearly vanishes as
H → 5 MA m−1. Very probably, because the temperature is close to the ordering temperature
of Tb,Tc = 219 K [23], the highly susceptible Tb component becomes increasingly polarized
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and eventually gains Zeeman energy when being turned towards the direction ofH. The
inverted ferrimagnetically coupled Fe component now gradually contributes with a negative
sign toεK.

On lowering the temperature toT = 160 K, both Tb and a-Fe are spontaneously ordered
and thus provide full exchange coupling between the Fe/Tb interfaces. As a consequence, the
coercive force increases drastically,Hc ≈ 4 MA m−1. Owing to the Tb dominance, a negative
remanence signal,εr

K = −0.2◦, is encountered. Peculiarly, however, the Kerr loop, curve I, is
inclined with respect to theH -axis by about 45◦ such that the saturated value atH = 5 MA m−1

becomes weakly positive. Obviously the Kerr signal becomes overcompensated by virtue of the
two Fe contributions with different polar orientations. Since the exchange coupling between
Fe and Tb (Tc > 300 K) is much stronger than that between the interface parts and the bulk
of the Fe layers (Tc ≈ 200 K), the latter one is probably easily broken by the external field.
Hence, with increasing fieldH the moments of the inner part of the Fe layers turn towards
the direction ofH, whereas the Fe moments adjacent to the Tb layers stay antiparallel to both
H and the Tb moments. This mechanism explains the near inversion of the Kerr ellipticity at
maximum field. Much higher fields are required to break the exchange coupling within the
Fe/Tb interface alloys and to achieve positive saturation.

At intermediate temperatures, 1806 T 6 185 K, the Kerr loops, curves I, reflect cross-
over situations. Remarkably, the Kerr remanence,εr

K , does not switch abruptly from +0.2◦

to −0.2◦, as expected in the situation of a global compensation temperature [13]. Instead,
a gradual decrease ofεr

K occurs within a temperature interval of about 40 K and becomes
gradually inverted towards negative values atT < Tc(Tb) ≈ 219 K.

The decrease ofεr
K suggests that the global Kerr signal is cancelled by the superposition

of positive and negative contributions relating to the limiting cases discussed above. Since
the Fe/Tb interfaces are intermixed with various effective concentrations, it seems plausible
to assume a polydomain-like picture of the ML system, partially strongly coupled and Tb
dominated as observed at 160 K, partially still in the essentially uncoupled, Fe-dominated
interface regime as observed at 210 K. This view is corroborated by a tentative linear
superposition of the limiting cases,εK(210 K) ≡ εh andεK(160 K) ≡ εl , performed in order
to simulateεK versusH at intermediate temperatures. Figure 6 shows the model functions
εK(185 K) = 0.45εh + 0.1εl andεK(180 K) = 0.12εh + 0.4εl (solid curves) together with the
corresponding experimental curves I (solid circles; figure 5). Obviously, many features of the
experimental data are satisfactorily reproduced. The absence of sharp jumps occurring inεK

versusH atT > 210 K (figure 5) is probably due to multidomain processes, which give rise
to sheared hysteresis loops as observed throughout the crossover range (e.g. atT = 195 K;
see the inset in figure 6(a)).

4. Conclusions

It has been shown that the growth conditions of Fe/Tb MLs play an important role not only
as regards the structure of the Fe layers, but also as regards the morphology and the magnetic
properties of the alloyed interfaces. Obviously, they are much thinner in HT MLs than in
the case of LT-grown MLs. This difference seems crucial to their effective dimensionality
in the temperature rangeTc(a-Fe) ≈ 200 K < T < Tc(Fe/Tb) ≈ 330 K, where they can
be considered as isolated magnetic subsystems. Typical 2d Ising model exponents of the
magnetization,β ≈ 0.2, emerge for the HT-type interfaces, whereas 3d behaviour is reflected
by values ofβ > 0.3 for the LT-type case. Owing to the thick interfaces encountered in
LT MLs, crystallization of Fe requires substantially larger single-layer thickness,tFe, than in
HT MLs.
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Figure 6. Curves I referring to the polar Kerr hysteresis loops of a LT multilayer withtFe= 3.0 nm
obtained forT = 185 K (a) and 180 K (b) (solid circles; see figure 5) and modelled by linear
combinations of the curves I obtained atT = 160 and 210 K (see the text). Inset: the uncorrected
polar Kerr hysteresis loop of a LT multilayer withtFe= 3.0 nm measured atT = 195 K.

Peculiarities of the hysteresis cycles are encountered at compensation transitions of the
ferrimagnetically coupled Fe/Tb system. Such a case has been realized by choosing LT
conditions andtFe = 3 nm. Here the high-T dominance of Fe is replaced by Tb dominance
below 200 K. In a broad crossover regime between 210 and 160 K, the simultaneous growth
of ferromagnetic long-range order for both Tb (Tc = 219 K) and a-Fe (Tc ≈ 200 K) gives rise
to smearing of the compensation transition. This is, e.g., evident from the gradual change of
the remnant Kerr ellipticity between +0.2◦ and−0.2◦.

In addition, two novel field-induced phenomena are reported:

(a) At T > 210 K the Fe dominance of the magnetic moments is broken in the absence
of exchange coupling between the interfaces by field-induced polarization of highly
susceptible Tb. Inversion of the magnetization curve,εK versusH , is observed in high
fields.

(b) In the presence of exchange coupling between the interfaces via the spontaneously
magnetized layers of both Tb and a-Fe atT ≈ 160 K, the antiparallel arrangement
between the Fe moments and the dominating Tb moments is partially broken by an external
magnetic field. AtH ≈ 4 MA m−1 one observes decoupling of the bulk a-Fe moments
from those in the interface. As a consequence the total magneto-optical response is nearly
cancelled. Higher fields,H > 5 MA m−1, are required to also break the exchange coupling
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between Tb and Fe within the interfaces until all moments are aligned and maximumεK

is achieved.
(c) Throughout this investigation we have used the fact that the Kerr ellipticity at the photon

energy used,E ≈ 2 eV, is primarily sensitive to the magnetic moment of Fe contained
in the MLs. This has the advantage of making it easier to follow the individual magnetic
behaviours of the Fe component. However, in order to understand the complete process
of magnetization reversal in Fe/Tb MLs, it will be necessary to also study that of the Tb
component, either by measuring the global magnetization, e.g. by SQUID magnetometry,
or by investigating the Kerr signal at higher photon energies [33].
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