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Abstract. Fe/Tb multilayers (MLs) with Fe and Tb layer thicknesses = 1-5 nm and

1 = 1.9 nm are prepared by thermal evaporation at substrate temper#&ture450 (LT) and

300 K (HT), and investigated by means of the magneto-optical Kerr elliptigityat temperatures

in the range 50< 7T < 300 K. Amorphous Fe, a-Fe, is encounteredsf@r< 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 unkess> 4 nm, where in-plane anisotropy
dominates. In LT MLs with thick a-Fe layenge = 3 nm, a transition from Fe-dominated interface
PMA to Th-dominated bulk PMA with extreme coercivii; > 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 ranfiga-Fe ~ 200 K < T < T.(Fe/Th) ~ 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/Th) 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 FeTb (
Fe/Tb) MLs. PMA is never observed in sputtered MLs with Fe thicknessgs of 2.3 nm

[4] in contrast with evaporated MLs, where the PMA is observed upde= 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 FgTh,_x alloys located at the interfaces of Fe/Tb MLs and their morphological,
magnetic and magneto-optic properties, by measuring the polar Kerr elliptigi}yaé a
function of temperature within the range 507 < 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 asiTk; 200 K. Here, a peculiar competition
between field and exchange energy is observed at high fidlds5 MA m—.

2. Experimental details

Fe/Tb multilayers (MLs) are prepared in ultrahigh vacuum by thermal evaporation onto Si(111)
substrates at different substrate temperatuies;, 150 and 300 K. The pressure is kept below

1 x 10~° 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 nms for Fe and Th. The thickness of Fe,, is varied from 1.0 to 5.0 nm at
constant Tb thickness;, = 1.9 nm. The total thickness of the films corresponds to 19 Fe/Th
bilayers capped by an additional top layer of Fe with thickmesS he samples are investigated

by means of the polar magneto-optic Kerr effect (MOKE) at a light wavelehgth633 nm

and at temperatures 5@ T < 300 K in applied magnetic field#d| < 4.8 MA m~! 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) curves of the Fe/Tb MLs with fixed Tb thickness,

ttb = 1.9 nm, and various Fe thicknessgs,= 1.5, 3.0 and 5.0 nm. They were obtained at
room temperature (RT) after preparatiofi@i’ and‘high’ substrate temperaturdg,= 150 K

(LT, figure 1(a)) and 300 K (HT, figure 1(b)). Afirstglance atthe hysteresis curves thus obtained
immediately shows that they depend strongly not only on the thickagd$sit also orfs. 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 & fre < 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 sigreinsignifies 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 interv@l & e < 5.0 nm.

The magnetization loops change from rectangular and hysteretic to oblique and reversible with
saturation field$4s ~ 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 elliptigity(panel (a)),
and the corresponding saturation fiek; (panel (b)), are plotted versus.. In both plots
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Figure 1. Polar Kerr ellipticity ¢k ) hysteresis loops of the Fe/Tb multilayers evaporated at different
substrate temperatures; = 150 (panel (a), LT) and 300 K (panel (b), HT) with Tb thickness
ttp = 1.9 nm and Fe thicknessgs = 1.5, 3.0 and 5.0 nm, obtained at room temperature and light
wavelengthh. = 633 nm. Individual components are denoted as | and Il (see the text).
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Figure 2. Correlations between magneto-optic and magnetic properties of LT multilayers
(figure 1(a)): the saturated polar Kerr ellipticitg, (a), and the corresponding saturation magnetic
field, Hs (b), versusge. Curves 1 and 2 ((b): broken and solid curves) show model calculations of
Hs versuse taking into account the interface thicknessgseth = 0 and 0.85 nm, respectively.
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three regions can be distinguished. Fker< 3 nm (region ) fairly low values of bothg
and Hs are encountered. According to conversion-electraisshauer spectroscopy (CEMS)
measurements [19], the MLs in region | contain a-Fe. On the other hang,for 4.0 nm
(region Il1) typical values ot} ~ 0.2° andHs ~ 1 MA m~! are observed for crystalline-Fe

[12, 15]. Inthe changeover range03X e < 4.0 nm (region I1), a heterogeneous structure of
the Fe films might be anticipated. Although crystallization of Fe takes place above the critical
thicknesss&, ~ 3.0 nm, a certain percentage of Fe remains amorphous [10]. CEMS reveals
a fraction of 84% a-Fe in the sample with = 3.5 nm from our LT series [19]. Its relative
importance becomes negligible whea > 4 nm, i.e. in region Ill.

Surprisingly, g decreases with increasinge in region | (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 magnetiadgiorat the
measurement temperature, RT. This is a consequence of the well-known [21] decrease of
the ordering temperature of Fe/Th MLs with increasingand involving magnetic interfaces
(consisting of amorphous FeTb alloys) and non-magnetic a-Fe (at RT!) in their central regions.

In parallel with the decrease ef; the saturation fieldds decreases significantly with
increasingtre in region | (figure 2(b)). It shows a proportionality betweéR and the
magnetization of the Fe layers. Inthe crossover region Il, the saturation field steeply rises up to
Hs =~ 1.05 MA m~tinregion lll attre = 5 nm (figure 2(b)). This value is to be compared with
that obtained for bulk thin films af-Fe, which exhibitds = M3 _., = 1.76 MA m~* owing
to the dominating shape anisotropy and the demagnetization fagtoe 1. Two effects
are responsible for the reduction & by 38% in the Fe/Tb MLs. First, the total volume,

V = Vge + V1, Which determines the magnetization, is enhanced by the volume of non-
magnetic Tb and thus decreases the ratie= m/V < M _.,. 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 versusire can be nearly perfectly modelled with retn, = 0.85 nm (figure 2(b), curve 2)

in agreement with previous investigations [9, 12, 15, 22].

The complicated structure of te@—H curves obtained for the HT MLs witlie = 1.5nm
and 3.0 nm (figure 1(b)) can be decomposed into individual components as shown by solid
curves denoted asland Il. Let usfirstdiscuss the leading contributions, I. They form rectangular
and parallelogram-shaped loops far = 1.5 and 3.0 nm, respectively. According to CEMS
measurements [19], in both cases strong PMA is indicated by the spin texture @gte1°
with respect to the ML normal. Obviously, a coherent-rotation model seems applicable to the
amorphousge = 1.5 nm sample [10], whereas for the crystallige = 3.0 nm sample the
magnetization reversal probably occurs via domain formation. This is explained by the larger
magnetization and, consequently, demagnetization engrgMj_Fe)z/Z, and explains the
fairly low remanencegy (H = 0) ~ 0.4¢};.

The second components, II, show small negative saturation Kerr elliptigity, —0.02°,
and low saturation fields?s ~ 0.4 MA m~1, for both casesg. = 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 there = 1.5 nm sample, where the Kerr signal Il exhibits an
unusual switching behaviour when approaching the low-field range (the ‘inverse’ Kerr loop as
indicated by arrows). AtH| < 0.2 MA m~! 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 Il in the vicirify| ot 0
(see section 3.2.1).
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Figure 3. Polar Kerr hysteresis loops of HT multilayers wit = 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 | and Il (solid curves; see the text).

3.2. Temperature dependences

3.2.1. HT multilayers T, = 300 K). Figure 3 shows the variation with decreasing
temperature of the hysteresis loops referring to the HT MLs with= 1.5 (panels (a), (b)) and

3.0 nm (panels (c), (d)). The curves labelledI'l=£ 300 K) correspond to those displayed in
figure 1(b). Most remarkable is the tremendous increase of their wie2i{) by a factor of

20 that occurs when cooling from 300 (1) to 50 K (4). Furthermore, the switching behaviour at
=+ H; 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 decrég$ey

Curie temperature of pure Tb i3 = 219 K [23]). In parallel, the amplitudes 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 magnetiaagioney, .

It is interesting to follow ther-dependences of the individual contributions to the Kerr
loops discussed above. The decomposition shown in figure 1(k) ter RT (curves | and
Il) are encountered in a similar fashion at 50 K (figures 3(b) and 3(d), curves | and II).
Despite the different Fe modifications involved, a-Fe arfee forsre = 1.5 (figure 3(b)) and
3.0 nm (figure 3(d)), the most prominent contributions | reveal very similar characteristics,
Hs ~ 2.2 MAm~tand|eg| ~ 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
a-Fe.

Interestingly, the ‘uncoupled’ a-Fe contribution Il also survives in both MLs. It remains
magnetically soft with arM,/ Ms ratio of about 0.5 andd. ~ 0.2 MA m~%. A closer look
reveals that the two contributions, | and Il, vary differently with temperdafuréhis is evident
from the plots ofe; versusT in figure 4, wheresi (I) and e (1l) 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 Il (open circles) vary but slightly when cooling from 300
to 50 K. Both exhibit the same sign (note that| = —sk is plotted in figure 4(a)!) and
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saturate smoothly at lo@, ¢z (Il, T = 50 K) ~ —0.05°. These observations are consistent
with magnetic saturation of a novel modification of a-Fe with> RT in agreement with
observations on Fe/Tb MLs containing Ag blocking layers [12]. As discussed above, the
observed asymmetry of the type-1l magnetization loops is caused by their crossover from field
to exchange coupling.
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Figure 4. g versusT for HT MLs with rre = 1.5 (a) and 3.0 nm (b) measured within the
range 50< 7 < 300 K (solid squares). After subtracting (Il) versusT for weakly coupled
a-Fe (open circles), the; (1) versusT data (solid circles) are decomposed into the power-law
functions (solid curves) labelled A (best fitted within 2307 < 300 K) and B (best fitted within
70< T < 150K).

The contributionss; (I) versusT (full circles) reveal two superimposed convex-shaped
contributions of the form:3 (T) = &3 (0)(1 — T/ T.)? with vertices at highTe" ~ 330 K)
and intermediate temperaturdé?) ~ 180 K). The low7" contribution appears much more
pronounced in the case whetg = 1.5 nm. Best fits of the data within 218 7 < 300 K
(figures 4(a) and 4(b), solid curves) are first used to extract the characteristics of the high-
temperature phase A. We firYQ‘A) = 322+ 9 K for tre = 1.5 nm. The ‘critical’ exponent
is surprisingly small,8® = 0.22 4 0.04. Similarly, we find7\*) = 346+ 9 K and
BA = 0.174 0.02 from the data referring tge = 3.0 nm and 210< 7 < 300 K.

It is tempting to interpret the exponemsin terms of the two-dimensional Ising model
(2dIM), for which 8 = 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 Bf ~ 330 K lie close to that for kg Thgs [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-
Th and smooth Th-on-Fe layers [26], whereas only rough interfaces occur in amorphous
HT MLs [11]. Moreover, a linear relationship betweghand the average hyperfine field
[4] allows us to predict its valueBn; = 16.3 T, from the measured value gf (300 K).

It is close toBh(Fey5Thos) = 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 frgynt is favoured by numerous
examples in magnetic thin-film physics with meaningful critical expongng9]. At
least their order of magnitude is indicative of the universality class involved. Obviously
the 3d Ising and Heisenberg models, with= 0.325 and 0.365, respectively [30], are
definitely ruled out.

(c) After subtracting the highi contributions,eg (A), from 3 (1) versusT we obtain the
low-T contributions,s; (B), which may, again, be fitted to the above power law. We
find 7® = 170+ 2 K and 180+ 1 K, g® = 0.62 & 0.08 and 023 + 0.05, for
tre = 1.5 and 3.0 nm, respectively. Obviously a second component showing more or less
3d ferromagnetic behaviour undergoes a [Byhase transition. According to our above
discussion it appears plausible to attribute these contributions to &:-ReZ00 K) [31],
which dominates the bulk of the Fe layers whgn= 1.5 nm, but constitutes only a small
fraction whenrse = 3.0 nm. This result agrees with inferences from receisbbauer
studies [11].

3.2.2. LT multilayersT; = 150 K) One major effect of the condensation temperature
Ts on the properties of Fe/Tb MLs is the difference in the critical thickng§sabove which
crystallization ofx-Fe takes place. Wheregs = 3 nmyields crystalline layers #f; = 300 K,
they are still amorphous &t = 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/Th pairs [32].

Upon cooling to below RT, the Kerr optical hysteresis loops exhibit very complex changes.
As is shown for the LT ML withsee = 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 ofé¢heH curves result from two peculiarities of the
a-Fe/Tb system:

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

(b) a-Fe becomes ferromagnetic beldyw~ 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 MAm~1. The same feature, namely a linear decreasg wérsusH in the vicinity
of H = 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
Il found in the case of the HT MLs (figures 3(b) and 3(d)). This contribution reveals, again,
negative Kerr ellipticity with nearly constant amplitudg, ~ —0.15°, and a switching field
Hs ~ 0.5 MA m~! below its ordering temperature, 250 T, < 300 K (the dashed curves
denoted as Il in figure 5, faF < 210 K).
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Figure 5. Polar Kerr hysteresis loops of a LT multilayer with. = 3.0 nm measured in the
directions of the arrows at different temperatures, ¥6@ < 250 K. The curves | (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 Il, broken curves; see the text).

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

(a) the coercive field increases frafy ~ 1 to 3 MA m~! when cooling from 210 to 160 K;

(b) the remanence, changes sign upon cooling, and achieves its lowest valu#s-at
180 K;

(c) as arule (except & ~ 180 K), the saturation value§ at H = 5 MA m~! are lower
thaney, .

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 remaneneg,= 0.2°, proves dominance of the Fe
moments in the ferrimagnetically coupled interfaces. A plaefofersusrl’ (not shown) can be
extrapolated to higher temperatures using a power law with a Curie tempefatsr801 K
and a critical exponem = 0.39+ 0.03. These data are consistent with Th-rich amorphous
Fey4Thoe [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 decreasé&at 2 MA m~! and nearly vanishes as
H — 5MAm~1. Very probably, because the temperature is close to the ordering temperature
of Th, T, = 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 directidn dhe
inverted ferrimagnetically coupled Fe component now gradually contributes with a negative
sign toek .

On lowering the temperature #© = 160 K, both Th and a-Fe are spontaneously ordered
and thus provide full exchange coupling between the Fe/Tb interfaces. As a consequence, the
coercive force increases drasticalfy ~ 4 MA m~1. Owing to the Tb dominance, a negative
remanence signad;, = —0.2°, is encountered. Peculiarly, however, the Kerr loop, curve |, is
inclined with respect to th& -axis by about 45such that the saturated valugtt= 5 MAm—!
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 {; > 300 K) is much stronger than that between the interface parts and the bulk
of the Fe layers%, ~ 200 K), the latter one is probably easily broken by the external field.
Hence, with increasing field/ 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, 180T < 185 K, the Kerr loops, curves I, reflect cross-
over situations. Remarkably, the Kerr remanenge,does not switch abruptly from +2
to —0.2°, as expected in the situation of a global compensation temperature [13]. Instead,
a gradual decrease ef occurs within a temperature interval of about 40 K and becomes
gradually inverted towards negative value§'at T.(Th) ~ 219 K.

The decrease of, 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 (210 K) = ¢, andek (160 K) = ¢, performed in order
to simulatesk versusH at intermediate temperatures. Figure 6 shows the model functions
ek (185 K) = 0.45¢p, + 0.1g; andek (180 K) = 0.12¢, + 0.4¢ (solid curves) together with the
corresponding experimental curves | (solid circles; figure 5). Obviously, many features of the
experimental data are satisfactorily reproduced. The absence of sharp jumps occuiging in
versusH atT > 210 K (figure 5) is probably due to multidomain processes, which give rise
to sheared hysteresis loops as observed throughout the crossover rangeT(e=g186 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 rangg(a-Fe ~ 200 K < T < T(Fe/Th ~ 330 K, where they can

be considered as isolated magnetic subsystems. Typical 2d Ising model exponents of the
magnetizationg ~ 0.2, emerge for the HT-type interfaces, whereas 3d behaviour is reflected

by values ofg > 0.3 for the LT-type case. Owing to the thick interfaces encountered in

LT MLs, crystallization of Fe requires substantially larger single-layer thickngsghan in

HT MLs.



4326

W S Kim et al

02 —

(a)

P, Jc
o |w AN
N IS
02 ! L
-4 0 4
H [MA/m]

Figure 6. Curves | referring to the polar Kerr hysteresis loops of a LT multilayer with= 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 | obtainedZat= 160 and 210 K (see the text). Inset: the uncorrected
polar Kerr hysteresis loop of a LT multilayer withe = 3.0 nm measured & = 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 andge. = 3 nm. Here the hight 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 Th & 219 K) and a-FeT; ~ 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 and—0.2°.

(@) 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 cuegeyersusH, is observed in high

(b) In the presence of exchange coupling between the interfaces via the spontaneously
magnetized layers of both Tb and a-FeTat~ 160 K, the antiparallel arrangement
between the Fe moments and the dominating Th moments is partially broken by an external
magnetic field. AtH ~ 4 MA m~! 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. Higherfieldd/ > 5MAm™1, are required to also break the exchange coupling

In addition, two novel field-induced phenomena are reported:
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between Tb and Fe within the interfaces until all moments are aligned and maxignum
is achieved.

(c) Throughout this investigation we have used the fact that the Kerr ellipticity at the photon
energy usedE ~ 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/Th MLs, it will be necessary to also study that of the Th
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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