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Flexibility for interface engineering, and access to all-optical switching of the magnetization, make synthetic ferri-
magnets an interesting candidate for advanced opto-spintronic devices. Moreover, due to their layered structure and
disordered interfaces they also bear promise for the emerging field of graded magnetic materials. The fastest and most
efficient spin-orbit torque driven manipulation of the magnetic order in this material system generally takes place at
compensation. Here, we present a systematic experimental and modeling study of the conditions for magnetization
compensation and perpendicular magnetic anisotropy in the synthetic ferrimagnetic Co/Gd/Co/Gd system. A model
based on partial intermixing at the Co/Gd interfaces of this system has been developed which explains the experiments
well, and provides a new tool to understand its magnetic characteristics. More specifically, this work provides new
insight in the decay of the Co proximity-induced magnetization in the Gd, and the role the capping layer plays in the

Gd magnetization.

The ever expanding rate of data generation and consump-
tion propels research into new material systems to use for
processing and storage of information. Therefore, one ma-
jor challenge of contemporary research in spintronics is to de-
velop material systems of which the magnetization can be ma-
nipulated both time- and energy-efficiently. 3d-4f ferrimag-
netic material systems, like GdFeCo and CoTb alloys, and
multilayers based on a combination of these metals, are attrac-
tive due to their antiferromagnetically coupled sublattices!~.
These materials aim to combine favorable properties of their
ferromagnetic and antiferromagnetic counterparts, and bear
promise for the emerging field of graded magnetism®. They
have garnered a great amount of attention from the sci-
entific community due to their access to single-pulse all-
optical switching (AOS) of the magnetization>?~1!, efficient
spin-orbit torque (SOT)-driven manipulation of the mag-
netic order!2-1® and exchange torque driven current induced-
domain wall motion (CIDWM) with velocities over 1000
m/s?37. Hence, these developments push the search for ma-
terial platforms for domain wall-based memory in advanced
solid state devices like racetrack memory!’12 Interestingly,
the combination of AOS and efficient CIDWM in this mate-
rial system is also very promising to bridge the gap between
photonics and spintronics2%-23.

Co/Gd-based synthetic ferrimagnetic bilayers, where the
3d and 4f-material are grown as discrete layers, have a few
distinct advantages over 3d-4f alloys. The layered structure
of these synthetic ferrimagnets allows for easier adaption to
wafer scale production. Also, contrary to alloys, a much
wider composition range between the 3d and 4f-metal ex-
hibits AOS?*23, Combined with the increased access to in-
terfacial engineering, this leads to more flexibility and tun-
ability of its magnetic properties. Moreover, the Pt/Co/Gd
trilayer displays strong interfacial spintronic effects, such as
perpendicular magnetic anisotropy (PMA), the spin-Hall ef-
fect, and the interfacial Dzyaloshinskii—-Moriya interaction, all
important aspects for applications based on efficient domain

wall motion!%26-28 " Despite these favorable properties, the

engineering relevance of the Co/Gd bilayer system has been
limited due to the absence of both magnetization and angu-
lar momentum compensation, where the two magnetic sub-
lattices cancel each other, at room temperature. For it is well
known that CIDWM?2:32! and in general SOT-driven ferrimag-
netic spin dynamics*!12-14 are most effective close to the an-
gular momentum or magnetization compensation point.

In this work, we therefore investigate the conditions for
compensation in Co/Gd/Co/Gd, which we from now on
dub the quadlayer system. Compared to the Co/Gd bi-
layer, we double the magnetic volume of the Co while
tripling the number of Co/Gd interfaces where magnetiza-
tion is induced in the Gd through direct exchange with
the Col12, This is expected to enhance the contribution
of the Gd to the net magnetic moment, while still main-
taining PMA. The samples nominally consist of stacks of
TaN(4 nm)/Pt(4)/Co(0.6)/Gd(tgq1)/Co(tcer)/Gd(tGgaz)/TaN(4)
as schematically drawn in Figlk, which were grown on
Si/Si0, substrates through magnetron sputtering in a cham-
ber with a typical base pressure of 5 x 10~° mBar. The first
sample is fabricated using wedge sputtering in order to con-
firm that compensation is achieved. Specifically, in the first
sample the middle Gd thickness 7gq; is varied between 0 and
1.5 nm over a few mm (see inset Fig. [Th), whereas ¢, and
G4 are constant and set to 0.7 and 1.5 nm, respectively.

The magnetic properties of this wedge were investigated
by the polar magneto-optic Kerr effect (pMOKE), where we
are only sensitive to out-of-plane (OOP) components of the
Co magnetization, as Gd does not contribute appreciably to
the pMOKE signal at our used wavelength of 658 nm?2. We
scan the sample locally using a focused laser spot. At mag-
netic compensation (e.g. from a Co-dominated to a Gd dom-
inated region or vice-versa) two effects are expected: a di-
vergence of the coercivity and a sign change in the pMOKE
signal. The former can be observed in Fig. [Th, where the
coercivity extracted from hysteresis loops measured across
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FIG. 1. Polar MOKE characterization of a Co/Gd/Co/Gd sample
where the middle Gd layer is wedged between 0 and 1.5 nm. a):
Remanent polar MOKE signal normalized by its value at #gq; =0 nm
(black), and coercive field (red) as a function of Gd layer thickness.
b): Two sample hysteresis loops measured by polar MOKE at a Co
(black) and Gd-dominated magnetic composition (red) on the wedge
in a).

the wedge is plotted in red. The divergence follows from
the inefficiency of the Zeeman interaction in a compensated
system. This divergence coincides with a change in sign of
the remanent pMOKE signal (Kerr rotation, normalized to its
value at tgq;= 0 nm) which is plotted in black in Fig. [Th.
To understand this sign change, we must consider that in the
Gd-dominated regime the Zeeman energy dictates that the Gd
magnetization aligns with the magnetic field. The measured
Co-magnetization will consequently align antiparallel to the
field, leading to the change in sign of the pMOKE signal. The
change in the hysteresis is illustrated in Fig. [Ib, where the
black and red loops are measured in the Co (fgq;= 0.83 nm)
and Gd-dominated magnetic regime (fgq;= 0.94 nm), respec-
tively. The 100% remanence observed indicates the PMA in
this sample.

In order to obtain information on the tunability of the com-
pensation point and PMA, as a low net magnetization would
imply a large effective anisotropy, we use orthogonal double
wedge samples. In Fig. Zh we illustrate the Co/Gd/Co/Gd
double wedge sample structure. After deposition of the first
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FIG. 2. a): Schematic of the double wedge samples under inves-
tigation in this report. b): Polar MOKE scan of a double wedge
Co(0.6 nm)/Gd(x-axis)/Co(y-axis)/Gd sample(1.5). The compensa-
tion boundary is indicated by the green line. c): Schematic illus-
tration of the model used to describe the compensation and SRT-
boundary for the magnetostatic phase diagrams. Magnetic layers are
modelled with the inclusion of an intermixing region with a width
ap. d) and e) respectively, illustrate the magnetization and shape
anisotropy energy as modelled throughout the four magnetic layers.

Gd wedge, the sample is rotated by 90 degrees and the Co
wedge is deposited. After the sample is saturated with an
OOP magnetic field of 1 T we scan the sample surface and de-
termine the remanence from the pMOKE signal at each point
when no magnetic field is applied. Using this method allows
us to scan the full parameter space of nominal layer thick-
nesses of the middle two layers in a single sample. A typical
resulting diagram of the remanent pMOKE signal is shown in
Fig. b for a sample where tGq1 = 0 — 3 nm and 7cop = 0 —2
nm, keeping the top Gd thickness at fgg> = 1.5 nm at which
we anticipate, based on earlier work, the proximity-induced
magnetization in the Gd to be saturated1?. In the diagram,
we can distinguish between three basic states. The red and
dark blue regions indicate stack compositions where the mag-
netization points OOP, with the Co or Gd magnetization being
dominant, respectively. The light blue region indicates stack
compositions where the magnetization points in-plane (IP);
this is above the spin reorientation transition (SRT), where the
interfacial PMA is not sufficient to keep the full stack OOP.
These three regions define two major transitions of interest:
the compensation boundary (red to dark blue) and the SRT
boundary (red/dark blue to light blue).

To obtain a quantitative understanding of the shapes of
these boundaries, a model has been developed to simulta-
neously describe the compensation boundary and the SRT
boundary. Furthermore, the model will be used to get insight
in the basic properties of the proximity induced magnetization



in the Gd and level of intermixing, a quantity that has not been
investigated using these double wedged samples. We set out
to model the net magnetization, which is zero at the compen-
sation boundary, as well as the magnetostatic free energy of
the anisotropy, which is zero at the SRT boundary. One of
the main assumptions of the model relies on the experimental
observation that the interface between Co and Gd thin films
are intermixed3®32, The assumed Co and Gd concentration
as a function of thickness is illustrated in Fig. Bk. The lay-
ers are modelled by means of the four magnetic layers in our
Co/Gd/Co/Gd structure, with each layer assumed to be sepa-
rated by an intermixing region with a constant and identical
width of ay.

In order to find the magnetization compensation point, we
then describe the net magnetization of this multilayer struc-
ture, which vanishes at compensation. We use typical assump-
tions for the magnetization profile of the Co/Gd bilayer to de-
scribe the magnetization in our Co/Gd/Co/Gd system, which
are illustrated in Fig. 2412, The Co magnetization is crudely
assumed constant throughout the nominal thickness of the Co
layer, with a value Mcq, giving:

Mco1 = Mcop, (D
and

Mcox = MCOOFeq,Cm 2

where, in order to implement the intermixing regions into the
change of the magnetization with layer thickness, we empir-
ically define the continuous function Feqco (see Sup. [Al for
details). It describes the transition to an equilibrium magnetic
state with middle Co layer thickness caused both by the effect
of intermixing on the magnetization, as well as percolative be-
havior. The latter of which describes the minimum thickness
needed to stabilize a coherent ferromagnetic state.

In contrast to the Co magnetization, the magnetization in
the Gd layers is mainly induced at the interface with the Co
layer!!12, Therefore, the magnetization as a function of the
distance to the Co/Gd interface z* will be described by an ex-
ponentially decaying profile, which is typical to describe mag-
netization induced at an interface between a ferromagnet and
a non-magnetic metal’333, given by:

z* 7=t
Mgqa1 = Mgao(exp <—%) +exp (%) )Feq,CoFeq,Gds
3)

and

Mgar = Mgaoexp (—z"/A) Feq,coFeq,Gds 4)

where Mgqo is the magnitude of the magnetization at the in-
terface, A is the characteristic decay length of the magneti-
zation, and Feq G4 is a similar empirical function to Feq co, de-
scribing the development of the Gd magnetization with mid-
dle Gd layer thickness (see Sup. [A). Note that the effective
exponential decay constant A is influenced by many parame-
ters, like surface roughness, the actual degree of intermixing,

local ratios between Co and Gd atoms and the actual decay
of the magnetization induced in the Gd, and should hence be
interpreted as an effective parameter describing the collective
behavior of all these effects. The resulting total magnetic mo-
ment per unit area mo; can then be extracted by integrating the
magnetizations over the respective layer thicknesses:

4
ma =Y. [ Mz s)
i=1

Next, the SRT-condition needs to be implemented. There
are two main contributions to the effective anisotropy: the in-
terfacial anisotropy energy and demagnetization energy. The
magnetocrystalline anisotropy energy per unit area Kg due to
the Co/Pt interface is assumed constant. The free energy den-
sity per unit area due to the shape anisotropy Eq is schemati-
cally plotted in Fig. 2k. It is calculated by treating the system
as a continuous magnetic system and integrating the typical
expression for the volume demagnetization energy density of
a thin film with OOP magnetization Ms: E] = % uOMg, where
Uo is the magnetic permeability of vacuum. In order to ac-
count for the smaller demagnetizing field in the intermixing
regions where the magnetization is inherently lower, we sub-
tract the demagnetization energy of the intermixing region,
with a characteristic width of ag, from the total demagnetiza-
tion energy leading to the following expression for the total
area-normalized demagnetization energy Eq4:

z il 2 g %
Eq4 :Z/ E#OMi dz
i=170

a0/2 1 2 * @0 ] 2 *
- / = UoM¢, dz +Feq,mix/ = UoMGq, dz
0 2 Jo 2

ap |

+Feq,mix. 0 EMOM%OZ dz*

a0/2 1 2 *
+ /O S oMy dz > ©)

where Feq mix 1s an identical empirical function to Feq g and
Feq,co used to describe the onset and saturation of the inter-
mixing regions in the Gd layer upon changing the layer thick-
ness (see Sup. [A). The resulting total free energy density per
unit area is Ey can then be calculated by adding E4 and Kg
together.

We will use this model for the magnetization and anisotropy
energy to test our physical understanding and make an esti-
mate of the (effective) physical parameters underpinning these
systems by fitting it to the measured phase diagrams, again
considering the SRT-boundary and compensation boundary to
be at Eio; = 0 and my = 0, respectively. To test the quantita-
tive applicability of our model to these Co/Gd/Co/Gd systems,
three double-wedged samples are considered: Co(0.6)/Gd(0-
3)/Co(0-2)/Gd(tgqz) with tgg2= 0.7, 1.0 and 1.5 nm, respec-
tively, where the thicknesses chosen are expected to probe
different degrees of decay of the induced magnetization in the
Gd. The phase diagrams measured on the three samples are
shown in Fig. [Bla, b and ¢ for tgqp = 0.7, 1.0 and 1.5 nm,



@ 20 (b) 20 () 20 ‘ : N

t.,;= 0.6 nm
t =1 nm

=15 1 =15¢ 1 =15} oo

s B £ £

[} [} (2]

17} 173 %]

21.0 1 210F . 210

e ey L

o o o

005 0o05f 1 005

00 ! 1 1 1 1 00 1 ! = 1 1 00 1 . 1 1
00 05 10 15 20 25 3.0 00 05 10 15 20 25 3.0 00 05 10 15 20 25 30
Gd thickness (nm) Gd thickness (nm) Gd thickness (nm)
20— : : : :
(d) 2 0 r T T T T T T ] (e) (f) T T T T T T
0.8+ ' 1
—_ 151 o + ] ——
3 + — ~ 06} 1
T E E
10} 1 = 1oy % ] =
3 < © 04+ 1
=
051 1 05t ] 02} ]
0.0 0.0 0.0

06 08 10 12 14 16 18

tage (NM)

06 08 10 12 14 16 18

tggo (NM)

06 08 10 12 14 16 1.8

teap (NM)

FIG. 3. Magnetostatic phase diagrams with model fits of the magnetization (orange) and demagnetization energy (green) for tgqo = a): 0.7 nm,
b): 1.0 nm, and ¢): 1.5 nm. The main magnetic parameters extracted from the fitting procedure for the three phase diagrams: d): Magnetization
of Gd at the Co/Gd interface Mgqo, €): Magnetization decay length Ay, and f): intermixing region width aj.

respectively, where we can immediately observe that with in-
creasing top Gd thickness the area of the Gd-dominated region
increases.

Before fitting the model to explain the features of these
phase diagrams, we experimentally characterize the interfa-
cial anisotropy strength due to the Co/Pt interface Ks to be
1.22 mJ/m? (see Appendix[B), and set the Co saturation mag-
netization Mcoo equal to the bulk magnetization of Co at 1.4
MA/m. The other parameters in the model are left uncon-
strained. In Fig. Bh,b,c we give the resulting fits for m = 0
and Eq = 0 in orange and green, respectively. We find a
good correspondence between the model and the experiment.
Specifically, The curvature of the magnetization profile, and
the corresponding magnetostatic energy balance characterized
by the peaked shape, are both generally well described. Par-
ticularly for the samples with fggp= 0.7 and 1 nm the cor-
respondence is good across the whole phase diagrams. For
tcaz= 1.5 nm in Fig. Bk, the model correspondence on the
SRT-boundary becomes worse for fgq; >1.5 nm. It is not yet
been unequivocally established what causes this difference be-
tween experiment and theory. We speculate that it might be
due to finite size effects affecting the Curie temperature in the
Gd and hence the total amount of magnetization induced be-
yond what is currently implemented in the model. Based on
the model we can attribute the peak in effective anisotropy
in the phase diagrams to the first ~ 1 nm of Gd contribut-

ing mainly to the intermixing regions, leading to the initial
increase, after which pure Gd is found, which decreases the
effective anisotropy, leading to the decline from ~ 1 nm on-
wards. Moreover, the change in curvature of the compensation
boundary for fc, < 0.5 nm between the three samples can now
be attributed to the percolation limit approach of the Co layer
leading to either one or three interfaces which induce a net
magnetization in the Gd layers.

To also illustrate the quantitative value of the model, we
will now discuss the magnetic parameters extracted from these
fits. In particular, the parameters fixing the hitherto unknown
Gd magnetization profile A9, Mgqo, and ag are of interest here.
These parameters are plotted for the three fitting procedures in
Fig. BU, e and f, respectively. All other parameters found in
the fitting procedure are listed in appendix [Cl The extracted
Gd interfacial magnetization of about 1.3 MA/m is compa-
rable with values found in earlier work!11220 Next, the Ao
values in the order of 1 nm suggest that the magnetization pro-
file extends well beyond the first monolayer affected by direct
exchange with the Co layer. This observation is further cor-
roborated when considering the difference between identical
phase diagrams capped with Ta and TaN (see Appendix [D).
There we observe that the Gd- dominated OOP regime (dark
blue in earlier diagrams) in the phase diagram extends all the
way to Co-thicknesses of 0 nm in the TaN-capped sample,
whereas in Ta-capped samples of otherwise identical compo-



sition a minimum middle Co thickness is always required to
reach the Gd-dominated regime, indicating an overall reduc-
tion in the total magnetization of the Gd. We postulate that
this difference is caused by magnetization quenching in the
Gd due to intermixing between the capping layer and the Gd,
a process that will likely be more severe for atomic Ta than for
covalently bound TaN3¢. Finally, we will discuss the resulting
values for ag (Fig. Bf). Regarding the growth of Gd on Co
and vice versa, earlier work demonstrated that the interfaces
between multilayers of Co and Gd are disordered3®31:37, and
that the exact growth and intermixing dynamics also depend
on the order of growth of the two layers®®38. This indicates
that the found intermixing region width ag of around 0.8 nm
is in line with earlier work. A reasonable comparison can be
made to the [Pt/Co/Gd]-multilayers investigated by Nishimura
et al., where using transmission electron microscopy investi-
gations similar typical intermixing region widths were found
as we find from fitting our model here, i.e., in the 0.5-1 nm
range®2.

In conclusion, we have experimentally demonstrated mag-
netic compensation in the synthetic ferrimagnetic quadlayer
Co/Gd/Co/Gd system. It is found that compensation can be
effectively tuned by layer thickness. We also demonstrated
the utility of orthogonally wedged samples to characterize the
nominal thickness parameter space in order to investigate the
magnetostatics of these systems and consequently find stack
compositions with favorable magnetic properties. Finally, a
crude model for the net magnetization and PMA was devel-
oped which described the experiments well, providing an ef-
fective framework to discuss the magnetostatics in these com-
pensated multilayered ferrimagnetic systems with PMA. We
note that this is probably an oversimplified model to describe
the real intermixing profiles, e.g. the constant Co magneti-
zation with thickness. It however provides a good qualitative
framework to build more detailed models which will require
refinement of the assumed magnetization profiles using high-
resolution depth sensitive magnetometry. This work improves
the understanding of basic magnetostatic properties and gives
insight in the more fundamental aspects of the design and
physics of these promising and flexible multilayer systems.
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Appendix A: Percolation functions

In order to implement the intermixing regions into the
change of the magnetization with layer thickness, we empir-
ically define continuous functions FeqGq and Feqco describ-
ing the transition to an equilibrium state with respective layer
thickness. These describe both percolative behavior; the min-
imum thickness needed to stabilize a coherent ferromagnetic
state, and the effect of intermixing on particularly the Gd mag-
netization:

erf ((tGa1 —10,Ga)/Lcar) + 1

Feqca(tar) = 5 ; (Ala)
f((fco2 — 1 L 1
Fycolicn) = S e Lol 1

where f9ca1 and f9co2, and Lgqi and Lcop, are parameters
defining the critical thickness and characteristic width of the
percolation, respectively.

Feq,mix s an identical empirical function to those presented
in Eq. [AT]used to describe the onset of the intermixing regions
in the Gd layer upon changing the layer thickness:

erf ((tga1 — to.mix) /Lmix) + 1
Feq mix (fGd1) = (( ;mx)/ mix) '

(A2)

Appendix B: Characterization Ks

In order to estimate the anisotropy constant Ks, we per-
formed IP VSM-SQUID measurements (see Fig. M) on a
Ta(4)/Pt(4)/Co(1)/TaN(4) sample. The resulting hard-axis re-
sponse to the IP field is typical of a sample with PMA like
this multilayer. We find an anisotropy field of 900 mT. To es-
timate the corresponding Ks, we use a simple Stoner-Wolfarth

theory, considering three contributions to the magnetostatic
free energy: Zeeman energy E,, interfacial anisotropy from
the Co/Pt interface Ex, and the shape anisotropy Es. The re-
sulting total energy Ei is then given by the sum of these three
contributions:

)

1 s
Erou = 5 HoMcos® (6) +sin (6) (—/.LOHMS n w>

(BI)
where L is the permeability of vacuum, Ms is the saturation
magnetization, 0 is the angle between the magnetization and
the thin film sample normal, H is the applied magnetic field,
and ¢ is the thickness of the magnetic layer. By minimiz-
ing Eyy with respect to 6 and setting 8 = 90° we find the
anisotropy field H,:

1
Hy = 5 ot (HMs +M3). (B2)
For Ms =1.4 MA/m (SQUID), t =1 nm and H, = 900 mT
(SQUID), we find K = 1.22 mJ/m?.

Appendix C: Fitting parameters

The parameters for the best fit of the model described in
the main text to the double wedge Co/Gd/Co/Gd samples as
shown in Figs. Bk, Bb and Bk are described in this section.
Tables [l [ and [Tl show these fitting parameters for top Gd
thickness tgg> = 0.7 nm, tggp = 1.0 nm, tggp = 1.5 nm, re-
spectively.

TABLE I. Summary of the fitting parameters found to best describe
the compensation boundary and boundary from OOP to IP magne-
tization in the double wedge with top Gd thickness g4y = 0.7 nm
(see Fig. Bh). For Ms ¢, and Ks we choose 1.4 MA/m and 1.22
mJ/m? as explained in the main text and appendix [Bl Errors repre-
sent 95% confidence intervals extracted from the fitting procedure.

Parameter Value Error Unit

Maai 12 02 MA/m
0.Co 021 0.01 nm

10,Gd1 1.2 0.2 nm
10, mix 0.47 0.01 nm
Lco 043 0.03 nm
Laai 0.83 0.02 nm
Lmix 1.3 0.1 nm

097 0.16 nm
ap 0.66 0.01 nm

Appendix D: Comparison phase diagram capping layers

In Fig[d a and b the magnetostatic phase diagrams of a
Co(0.6)/Gd(x)/Co(0.7)/Gd(1.5) stack with a 4 nm thick cap-
ping layer of TaN and Ta are plotted, respectively. The
most important difference to note here is that the region
where the magnetization is OOP and the Gd-contribution is



TABLE II. Summary of the fitting parameters found to best de-
scribe the compensation boundary and boundary from OOP to IP
magnetization in the double wedge with top Gd thickness fgqr =
1.0 nm (see Fig. Bb). For Mg, and Kg we choose 1.4 MA/m
and 1.22 mJ/m? as explained in the main text and appendix [Bl Er-
rors represent 95% confidence intervals extracted from the fitting
procedure.

Parameter Value Error Unit

MGdl 1.29 0.17 MA/m
f0,Co 0.13 0.01 nm
10,Gd1 0.72 0.15 nm
fomx 039 001 nm
Lco 0.63 0.02 nm
LGdl 0.56 0.06 nm
Lunix 027 0.0! nm
Ao 1.3 02 nm
agp 0.83 0.02 nm

TABLE III. Summary of the fitting parameters found to best de-
scribe the compensation boundary and boundary from OOP to IP
magnetization in the double wedge with top Gd thickness 7 =
1.5 nm (see Fig. Bk). For Ms co and Ks we choose 1.4 MA/m
and 1.22 mJ/m? as explained in the main text and appendix [Bl Er-
rors represent 95% confidence intervals extracted from the fitting
procedure.

Parameter Value Unit

Mgai 1.57 0.16 MA/m
10,Co 0.10 0.02 nm
10,Gd1 0.66 0.21 nm
10, mix 0.43 0.01 nm

Lco 1.14 0.03 nm
Lgai 31 1.1 nm
Linix 0.28 0.01 nm
Ao 1.50 0.35 nm
agp 0.90 0.03 nm

dominant (dark blue) extends all the way to zero Co thick-
ness for the TaN cap. In contrast, the Ta-capped sample
magnetization only becomes dominated by the Gd magne-
tization for a minimum Co thickness of about 0.4 nm. In
Fig. 5 a and b we plot magnetostatic phase diagrams for a
Ta(4)/Pt(4)/Co(0.6)/Gd(x)/Co(0.7)/Gd(1.5) with a TaN and Ta
capping layer, respectively.
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