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Configurational dependence of the magnetization dynamics in spin valve systems:
Influence of spin pumping and domain wall induced coupling
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Using time-resolved x-ray resonant magnetic scattering we report on the precessional dynamics of spin valve
systems with parallel (P) and antiparallel (AP) orientation of the ferromagnetic layers separated by a nonmagnetic
spacer layers. Previously we observed in Co/Cu/Nig; Fe 9(Py) spin valve systems an increase of the magnetic
damping parameter in Py with changing magnetization direction of Py and Co layers from P to AP orientation
[Salikhov et al., Appl. Phys. Lett. 99,092509 (2011)]. We attributed this finding to the configurational dependence
of the spin pumping effect [Kim and Chappert, J. Magn. Magn. Mater. 286, 56 (2005)]. Here we extend our earlier
findings by investigating the temperature dependence of the spin pumping effect and possible other causes for the
configurational dependence of the damping parameter, such as domain wall induced coupling or magnetic dipole
coupling. The main focus is on Co/Cu/Py trilayers and on Co,MnGe/V/Py trilayers with spin valve properties.

DOI: 10.1103/PhysRevB.86.144422

I. INTRODUCTION

Spin current related phenomena in F1/N/F2 trilayer struc-
tures, where F1 and F2 are ferromagnetic layers and N
is a nonmagnetic metal layer, are an important topic of
modern magnetism and can be used in many different
practical applications like nonvolatile memory and spin wave
electronics. For example, one can drive a spin-polarized
electron current through the interface between the F1 and
N layers and induce a magnetization torque in the F2 layer
that can lead to magnetization reversal of F2."> The inverse
effect, namely a spin current created by a precession of the
magnetization in an externally applied magnetic field, also
exists.> This so-called spin pumping effect may also lead to
practical applications such as, e.g., a spin battery operated by
ferromagnetic resonance (FMR).*

It has been shown that magnetization precession at F/N
interfaces causes injection of spin polarization into nonmag-
netic metals (N). If N is characterized by high spin relaxation
rates, this injection may lead to additional damping of the
magnetization precession in F. It has also been found that
in case of F1/N/F2 spin valve systems, the layer F1 may act
as a sink for transverse spin current pumped by the F2 layer
through the N spacer.® Thus, the F1 layer opens an additional
relaxation channel for the magnetization dynamics in F2. Thus,
the precessing magnetization of F1 and F2 layers are in mutual
contact through the N spacer by exchanging nonequilibrium
spin current. Moreover, it has clearly been shown that when
the precession frequencies of F1 and F2 layers are equal,
the induced damping by the spin pumping effect is strongly
suppressed, since equalized spin currents flow from F1/N and
N/F2 interfaces in opposite directions and the net flow across
both interfaces cancels out.”

Kim and Chappert® investigated theoretically the dynamical
coupling between the magnetic moments in F1/N/F2 structures
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by the spin pumping effect and concluded that this coupling
may lead to a dependence of the magnetic relaxation on
the mutual orientation of the magnetization direction of
ferromagnetic layers. They reasoned that in the parallel (P)
configuration the counter-propagating spin currents from the
F1/N and N/F2 interfaces partially compensate each other,
whereas in the antiparallel (AP) state they add, yielding an
additional contribution to the precessional damping. This
offers a unique possibility to control the relaxation rate of
F2 by adjusting the relative magnetization direction of F1 and
F2 from the P to the AP configuration.

Recently we have studied Co/Cu/NigFe 9 (Py) trilayers
using time-resolved x-ray resonant magnetic scattering (tr-
XRMS) at the synchrotron radiation facility BESSY II of
the Helmholtz Zentrum Berlin.” A noticeable increase in the
magnetic precessional damping parameter of the Fe magnetic
moments in the Py layers was found when changing the mutual
magnetization direction of the Py and Co layers from P to
AP, whereas the magnetization precessional frequency did
not change. We attributed this finding to the configurational
dependence of the coupling induced by spin pumping between
two ferromagnetic layers separated by a nonmagnetic metallic
spacer, as predicted in Ref. 8. At the same time, Joyeux et al.'”
studied Py/Co/Cu/Co/Mnlr spin valves using vector-analyzer
based ferromagnetic resonance. They also found an increase
of the resonance linewidth of the free ferromagnetic layer
when the two ferromagnetic layers were in the AP state. In
accordance with our conclusions they attributed the observed
changes to the spin pumping effect.

In the present paper we show that in certain cases a
domain-wall (DW) induced coupling mechanism can also be
responsible for the configurational dependence of the damping
of the free F layer in spin valve systems. The origin of this
mechanism is magnetostatic coupling of the ferromagnetic
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layers via DW-induced stray fields. The effect of stray fields
from DWs in one F layer lowering the nucleation field in
the other layer was noted previously by Fuller et al.'' For
the following discussions let us assume that F1 is the hard
magnetic layer and F2 is the soft layer. Recently Thomas
et al.'? have observed that repeated motion of DWs in the soft
ferromagnetic layer F2 of a F1/N/F2 trilayer can demagnetize
the hard magnetic layer F1, even if the field used for the reversal
is much smaller than the coercive field of F1. Vogel et al.'>!*
using x-ray photoelectron emission microscopy (X-PEEM)
have shown that stray fields of DWs in F1 can decrease the
nucleation barrier in the soft layer F2, resulting in a sizeable
increase of the local switching speed of F2. Finally, Lew et al.'”
observed that interlayer DW coupling can induce a mirror
domain structure in the magnetic trilayers. As one may note
from this short overview, in a spin valve F1/N/F2 system, the
inversion of the magnetization direction in F2 from P to AP
direction may affect the nucleation and arrangement of DWs
in F1 via DW stray fields. Then, having F1 in a domain state
after inversion of the magnetization in F2, stray fields from
the DWs in F1 can have a demagnetizing effect on the F2
layer and, simultaneously, can influence the magnetization
dynamics in F2. For example the inhomogeneity of the
demagnetizing fields from the DWs of Fl may lead to
higher values of the magnetization precessional damping
parameter in F2. Micromagnetic simulations'>!* show that
the influence of stray fields from DWs in spin valve systems
can be considerable for spacer thicknesses (N) as large as
100 nm.

Here we present results of the configurational dependence
of the damping of the Py magnetic moment in Co/Cu/Py
trilayers, measured by tr-XRMS at low temperatures (100 K).
We also show that in a spin valve structure consisting of
Co,MnGe/V/Py trilayer the DW induced coupling mechanism
dominates the precessional relaxation rate when changing the
configuration from P to AP. Experimentally, the origin of the
configurational dependence of magnetic damping of the soft
ferromagnetic layer in F1/N/F2 spin valves can be revealed by
comparing the magnetization precessional frequency for the P
and AP configurations.

II. EXPERIMENTAL DETAILS

Time resolved x-ray resonant magnetic scattering was
originally proposed by Bailey et al.'® This method allows mea-
surements of the free precessional decay of the magnetization
in ferromagnetic films in response to a field pulse excitation.
The detection of the magnetic moment in the F films is based on
the well-known x-ray magnetic circular dichroism (XMCD),
which allows element-specific measurements. The circular
dichroism signal is obtained in reflection geometry near the
angle of grazing incidence. The time resolution is achieved
through pump-probe techniques. Fast rise-time magnetic field
pulses (pump) are synchronized with a variable delay time
with respect to the x-ray photon bunches (probe) from the
storage ring.

The experimental setup of our time-resolved XRMS with
a possibility to perform experiments at low temperatures was
implemented using the ALICE chamber!” at the synchrotron
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radiation facility BESSY II of the Helmholtz Zentrum in
Berlin.'®!” For our pump-probe experiments we use a stripline
geometry to generate a magnetic field pulse in the sample
region. The 350 pum wide stripline structures were litho-
graphically shaped after the sample deposition. Fast rise-time
current pulses are delivered from the pulse generator through
the stripline and converted into a pulsed Oersted field (H))
perpendicular to the stripe (and current) direction. Time
resolution in our setup is mostly determined by the finite
photon bunch length of about 50 ps. Time delay scans were
performed using a longitudinally biased magnetization by an
external magnetic field (bias field Hj) from 7 to 35 Oe along
the stripline. The free precessional frequency of the permalloy
layer at a field of 35 Oe does not exceed 1.5 GHz, therefore the
delay time between the current pulses and photon bunches was
chosen to be t = 100 ps, which is higher than the resolution
limit.

The stripline is oriented perpendicular to the scattering
plane of the x-ray beam. Using circular polarized light in
reflection geometry we are sensitive to the magnetization di-
rection parallel to the scattering plane, thus we can monitor the
evolution of the projection of the magnetization perpendicular
to the stripline after pulse excitation by varying the delay
time between current pulse and photon bunches. The use of
a tandem undulator beamline at BESSY II allows adjusting
the slits for the x-ray beam with a spot size of 100 um at
the sample position without loss in intensity for the detection
of the XRMS. All samples were aligned with the x-ray beam
focused in the middle of its longitudinal and lateral directions
of the stripline.

The experiments were performed during single bunch
operation mode of the synchrotron. In order to exclude effects
from long term time drifts of the x-ray beam intensity (beam
instability), we improved the detection technique by using a
Lock-In amplifier. We modulate the switching pulse process
(“pulse on”-“pulse off”) of the pulse generator by a frequency
of 1 Hz and the Lock-In technique accumulates the difference
between the amplitudes of a photodiode current, which is
proportional to the intensity reflected from the sample. For
this purpose the pulse field was switched on and off (reference
signal)'® and integrated over five oscillations. After each
change of the delay time a waiting time of 10 s was used
to guarantee a stable signal. With this improvement we could
significantly increase the signal to noise ratio of our scans and
reduce the effect of long time fluctuations.

The Co/Cu/Py and Co,MnGe/V/Py trilayers used for the
present study were prepared on 10 x 10 mm sapphire (Al,O3)
a-plane substrates. The Co/Cu/Py systems were deposited by
magnetron sputter deposition in the MAGSSY preparation
chamber with a base pressure of 3 x 10~® mbar at room
temperature. Applying a static magnetic field of 1000 Oe
along the substrate c axis [0001] during the deposition process
creates an effective uniaxial magnetic anisotropy for the Py
and Co layers in the film plane. A 5 nm thick Pt seed layer was
deposited prior to sputtering a 65 nm thick Cu conductive layer,
which transforms the current pulse to a pulsed field H,,. On top
of the thick Cu layer the Co/Cu/Py trilayers with a 25 or 40 nm
thick Cu spacer layer was deposited. The thicknesses of the Co
and Py layers were chosen to be 10 and 25 nm, respectively.
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The Co,MnGe/V/Py trilayers were prepared by RF sputtering
at a substrate temperature of 300 °C. Instead of Cu we used
V as a buffer (conducting) layer and spacer layer, to optimize
the (110) textured growth of the ferromagnetic Heusler phase
Co,MnGe with structural order and flat interfaces. For details
of thin films growth, crystal structure, and magnetic properties
of the Co,MnGe Heusler alloy we refer to Refs. 20 and 21.
The nominal thicknesses of the films were Al, O3 (substrate)/V
(40 nm)/Co,MnGe (30 nm)/V (20 nm)/Py (15 nm)/V (4 nm).
In a final step the samples were capped by 5 nm Al,O3 to
prevent them from oxidation.

The 350 um wide stripline structures were fabricated by
electron-beam lithography and subsequent ion beam etching.
For the lithographic processes we employed a FEI QUANTA
200 FEG scanning electron microscope in combination with
a Elphy Quantum e-beam control using a negative resist. The
striplines were oriented along the [0001] substrate axis, i.e.,
parallel to the direction of applied magnetic field during film
deposition. Thus the magnetic easy axis of the Py layers is
oriented parallel to the stripe axis. The head and tail ends
of the stripes were etched down to the Cu (or V) bottom
layer, thereby providing electrical contacts for the current
pulses.

III. EXPERIMENTAL RESULTS
A. Co/Cu/Py spin valve

In Fig. 1(a) a magnetic hysteresis loop is presented for the
Co/Cu (40 nm)/Py sample measured at a temperature of 100 K
by SQUID magnetometery. The spin-valve-like character of
the hysteresis loop with the extended plateaus of antiparallel
orientation of the magnetization vectors in the adjacent F layers
is clearly visible. The coercive field of the Co layer at 100 K is
about H, = 48 Oe, definitely larger than the room temperature
value of H,. &~ 18 Oe.? This gives us the possibility to measure
and compare the precession of the Py magnetic moment for the
P and AP configurations to much higher values of the magnetic
field (Hp) than is possible at room temperature. As seen from
the hysteresis loops, the AP configuration can be achieved in
two different ways: first by saturating the magnetization of
both layers at positive fields and reversing the direction of the
external field to negative values between the coercive fields of
the Py and Co layers (descending branch of the hysteresis
loop). Second, by saturating at negative fields and setting
the field at positive values between the two coercive fields
(ascending branch of the hysteresis loop). When comparing
the results of tr-XRMS measurements of Co/Cu/Py samples
performed in the AP state at positive and negative fields, we
obtain identical behavior for the Py magnetization precession
at the same absolute value of the external magnetic field.
For the P-configuration scan at each particular bias field the
tr-XRMS measurement was performed at positive fields after
saturation at high positive fields.

In Figs. 1(b) and 1(c) we present the results on the magne-
tization precession of the Py layer in the Co/Cu (40 nm)/Py
sample at H, = 11 Oe (black open circles) and H;, = 22 Oe
(blue closed circles) in the P and AP configuration, measured
at 100 K. The photon energy was set to the Fe L3 resonance
edge (708 eV). Qualitatively one clearly sees that for both
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FIG. 1. (Color online) (a) Hysteresis loop for a Co/Cu(40 nm)/Py
spin valve measured at 100 K. The bottom figures represent the
precessional dynamics of the Py layer of the same sample measured
at 100 K in the P configuration (b) and the AP configuration (c) for
two different values of the bias field H, = 11 Oe (black open circles)
and 22 Oe (blue closed circles). The solid lines represent the fitting
curves (see main text).

applied fields in the AP configuration the precession of
the magnetization is damped faster than in P configuration,
whereas the precessional frequency is identical in both cases.
The damped oscillations in Figs. 1(b) and 1(c) result as the
response to a steplike excitation of the pulsed Oersted field
H,, converted into time dependent opening angles of the Fe
magnetic moments in Py, plotted as a function of delay time.
The opening angles are defined by the vector sum of the bias
field and the pulse field and can be varied by sweeping the bias
field.'®!81° The solid lines in Figs. 1(b) and 1(c) represent a
fit to the experimental data points using the solution of the
Landau-Lifshitz (LL) equation adapted to our experimental
conditions. For the fitting we follow the work of Crawford
et al.?* and Silva et al.,”® where the magnetization dynamics
of Py films as a response to a step pulse was measured
magneto-optically and inductively.

After the quasistep excitation the solution of the LL
equation is given by

V(1) = Yo + Boexp(—t1/2) sin(w,t + ), (1)
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FIG. 2. (Color online) Landau-Lifshitz damping parameter A /47
obtained from the theoretical fit (see main text) as function of the bias
field, where the delay scans have been performed. The delay scans
of the Co/Cu (40 nm)/Py spin valve were measured at 100 K in the
P configuration (blue squares) and AP configuration (black circles).
The dashed lines represent a linear fit as guide to the eye. The triangles
represent values of the damping parameters at room temperature, open
blue triangles belong to the P configuration, closed black triangles to
the AP configuration.

where v is a steady-state equilibrium magnetization angle
(opening angle), A is the step damping constant, and f, =
wp/2m is the precessional frequency. The fitting parameters
Bo and ¢ were introduced to take into account the presence of
a finite rise time of H,.” In order to avoid spurious effects
due to the deviation of the actual pulse shape from a perfect
step function that would affect the fit parameters, we selected
the data points at the delay times beyond the first maximum
for the fitting.

Values of the LL. damping parameter A /47 as a function
of the bias field for the P (blue squares) and AP (black
circles) configuration of Co and Py magnetization in Co/Cu
(40 nm)/Py sample, as obtained from the fit, are presented
in Fig. 2. The dashed lines represent an average value of the
damping parameters. From Fig. 2 one can see that for H,
up to 35 Oe the damping in the AP state is higher than in
the P state, with an estimated difference of 83 MHz. The
damping parameters for the sample with the Cu spacer of
25 nm thickness (not shown) are virtually identical. Values of
the damping parameters obtained from the room temperature
(300 K) measurements’ are also presented in Fig. 2 as open
blue triangles (P configuration) and closed black triangles (AP
configuration). Within the error bars of our experiment, we did
not notice any changes in the damping parameter of Py either
in the P or the AP configuration for temperatures ranging from
300 K to 100 K.

B. Co,MnGe/V/Py spin valve

The magnetic hysteresis loop measured at room temper-
ature for CooMnGe (30 nm)/V (20 nm)/Py (15 nm) sample
is shown in Fig. 3(a). One can recognize from its shape that
the Heusler alloy layer reverses its magnetization gradually,
in contrast to the Co layers in Co/Cu/Py [Fig. 3(b)] which
exhibits a narrow range of external field (2-3 Oe) for the
magnetization reversal. Therefore one may conclude that in
the Co,MnGe layer the magnetization reversal proceeds via
multiple intermediate domain states.
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FIG. 3. (Color online) Hysteresis loop of (a) Co,MnGe (30 nm)/V
(20 nm)/Py (15 nm) spin valve and (b) Co (10 nm)/Cu (25 nm)/Py
(25 nm) spin valve, measured by SQUID magnetometery at room
temperature.

Results of the tr-XRMS measurements of the magnetization
dynamics of the Py layer in Co,MnGe/V/Py at H, = 13 Oe
for the P configuration (closed blue circles) and for the AP
configuration (open black circles) with respect to the initial
magnetization direction in Co,MnGe layer are presented in
Fig. 4(a). From the fit of these curves we obtain the change in
LL damping parameter A /4w from 208 MHz for the P state
to about 224 MHz for the AP configuration. Furthermore,
we notice a change of the precessional frequency f, from
1.01 GHz for the P configuration to 0.88 GHz for the AP
configuration. This is in strong contrast to the case of Co/Cu/Py
where the precessional frequency f, = 0.9 GHz is identical
for the P and the AP configuration [Fig. 4(b)].

The obtained values of precessional frequency and damping
of Py magnetic moment in Co,MnGe/V/Py trilayer at different
values of H, for the P (blue circles) and AP configurations
(black squares) are plotted in Figs. 5(a) and 5(b). For all values
of the bias field one can see that in the AP case, where the
Co,MnGe layer is supposed to be in a magnetic domain state,

Co2MnGe/V/Py
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FIG. 4. (Color online) Comparison of magnetization precessional
dynamics in the Py layer at room temperature: (a) for Co,MnGe/V/Py
trilayer measured at the bias field H, = 13 Oe, (b) for Co/Cu/Py spin
valve measured at H, = 11 Oe.

144422-4



CONFIGURATIONAL DEPENDENCE OF THE ...

1.4_ T T T T T T T ]
5 127 —o—P ]
5/ 1.0F /. —m—AP ]
o8l —" ]

300 | o
= N —o—

T 250 | {' # —a_ AP
§ 200 |- ;/‘ \ B
< 150 {’ ®) ]

H, (Oe)

FIG. 5. (Color online) (a) Precessional frequency f, and
(b) damping parameter A/4m in the P configuration (blue circles)
and AP configuration (black squares) for the Co,MnGe (30 nm)/V
(20 nm)/Py (15 nm) spin valve as function of the bias field H,,. Solid
lines are guides to the eye.

the precessional frequency is always smaller and the damping
parameter is lager as compared to the P state. Moreover, from
Fig. 5 we infer that a larger difference in f, correlates with a
larger difference in A /47.

IV. DISCUSSION

As evident in Figs. 1(b) and 1(c), the precession of the
magnetic moment in the Py layer, measured at 100 K, is
damped faster when oriented antiparallel to the magnetic
moment of the Co layer than when being in the parallel
orientation, similar to what has been observed in these samples
at room temperatures.” This difference is present for all AP
configurations [see hysteresis loop in Fig. 1(a)] up to a bias
field of 35 Oe (Fig. 2). In Ref. 9 we discussed the possible
mechanisms responsible for this change in the damping
parameter for the P and AP configurations, and concluded
that the dominating mechanism is the spin pumping effect.
The domain wall (DW) induced coupling mechanism was not
explicitly considered. However, our tr-XRMS measurements
on the Co,MnGe/V/Py system indicate that in some cases
DW coupling may also be of importance for explaining the
damping mechanism.

From the shape of the hysteresis loop in Fig. 3(a) one may
conclude that in the AP configuration for a bias field of 13 Oe,
where the tr-XRMS measurements have been performed, the
Co,MnGe layer is in a magnetic multidomain state. Thus
stray fields emanating from the DWs of the Co,MnGe layer
additionally contribute to the bias field Hj, and to a correspond-
ing change in the Py magnetization precessional frequency
f»» according to the Kittel equation.”* This contribution is
clearly visible in our experiment. Simultaneously, the intrinsic
inhomogeneity of dipolar stray fields causes an increase of the
damping parameter. This fact is well known in ferromagnetic
resonance (FMR) experiments as inhomogeneous broadening
of the resonance linewidth.”> The higher the strength of the
inhomogeneous stray field, the higher is the difference one
would expect for P and AP state in both the precessional
frequency f, and the damping parameter A /47, a correlation
which is clearly visible in Fig. 5.
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Interestingly, the precessional frequency f, in the AP state
is systematically smaller than the one for the P configuration
where the Co,MnGe layer is in a single domain state (Fig. 5).
This shows that in the AP configuration the magnetic domains
in the Co,MnGe layer are arranged in a manner that their
stray fields are mostly aligned opposite to the direction of
magnetization of the Py layer and thus reduce the external
magnetic field in the Py layer and the value of the precessional
frequency. In other words, the DWs in the Heusler layer
produce an effective dipolar magnetic field in the Py layer
with a direction opposite to the direction of the magnetic
moment in Py. This stray field has the tendency to break up
the single domain state of the Py layer into a multidomain
state, a situation which is known in F1/N/F2 trilayers as the
mirror domain state.'> As an additional evidence for this type
of magnetic coupling we mention that the coercive fields of the
Co,MnGe and Py layers in the spin valve samples are definitely
larger than in single Co,MnGe and Py layers, indicating
that both ferromagnetic layers contribute to the magnetization
reversal of each other.

In contrast, for the Co/Cu/Py trilayers we do not see a
difference in the magnetization precession frequency of the Py
magnetic moment for the P and AP configuration [Fig. 4(b)],
indicating that the stray field from domain walls of the Co
layer does not noticeably influence the dynamics of the Py
magnetization and, consequently, does also not appreciably
contribute to the difference in the damping parameter between
P and AP configuration. Therefore the dominating mechanism
responsible for the observed change of the LL damping
parameter of the Py layer is the spin pumping effect.

The configurational dependence of the magnetic damping in
spin valves can be understood in terms of the model proposed
by Joyeux et al.'® In the P configuration the magnetizations
of both ferromagnetic layers precess with the same rotational
sense, so that two counter-propagating spin polarized currents
pumped into the N layer carry spin vectors with a mutual
orientation constant in time. At each time instant, the total spin
vector seen by the soft ferromagnetic layer is the difference
of the counter-propagating spin vectors, such that there is
partial cancellation. The situation is different for the AP
configuration. In this state the dynamic magnetization of the
two layers rotates in opposite rotational sense, such that the
two counter-propagating spin currents carry spin vectors that
rotate in opposite sense; in this situation the total spin vector
varies in time and never cancels. This leads to a strong dynamic
coupling between the two layers and an additional damping of
the precessional motion.

We discuss next the temperature and thickness dependence
of the damping parameter. It has been shown in Ref. 10
that in Py/Co/Cu/Co/Mnlr spin valves with a Cu spacer
layer thickness of 4 nm the change in damping of the
free ferromagnetic layer for the P and AP configurations
is almost independent of temperature. In our Co/Cu/Py
trilayers the thickness of Cu spacers is 25 nm and 40 nm,
therefore the spin-diffusion regime for the spin current should
be considered.® The spin-diffusion length A, is a measure of the
spin momentum decay across the Cu spacer. If the spacer layer
is significantly thinner than Xy, the spin-current propagation
can be considered to be in the spin ballistic regime. It is known
that the spin-diffusion length in Cu is very large with values
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at room temperature reaching 350 nm,?->® which is almost 10

times larger than the Cu thickness in our samples. According
to our measurements of the electrical resistivity, the mean free
path of conduction electrons in the Cu spacers for our samples
changes little when lowering the temperature from 300 K to
100 K. Therefore the corresponding values of A, should be
almost identical. This is confirmed by our measurements of
tr-XRMS at low temperatures, showing that the LL. damping
parameter of the Py layer does not change between 300 K and
100 K either in the P or AP configuration (Fig. 2). The fact that
we do not obtain any difference in the damping parameter for
samples with different Cu spacer thicknesses also indicates
that the spin diffusion length in these layers is indeed large
compared to the selected thicknesses of 25 and 40 nm.

V. CONCLUSION

In conclusion, we have studied the free precessional mag-
netization dynamics in spin valves of the type F1/N/F2 with
different coercive field values for changing the magnetization
direction in F2 (Py) versus F1 (Co,Co,MnGe) from parallel
to antiparallel. Using time resolved x-ray resonant magnetic
scattering we have determined the precessional frequency and
the precessional damping in the P and AP configuration.
In case of Co/Cu/Py spin valves we find that the damping
parameter in the AP configuration is considerable larger than
in the P state. This effect is independent of the Cu spacer layer
thickness and independent of the temperature in the considered
range of 25-40 nm and 100-300 K, respectively. Furthermore,
we noticed that in Co/Cu/Py spin valves the precessional
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frequency f, is independent of the mutual orientation of the
layer magnetization. We take the configurational dependence
of the damping parameter together with the configurational
independent precessional frequency as clear evidence for
the spin pumping effect, which is an additional damping
contribution to the usual spin-lattice relaxation governed by
two-way spin currents.

For Co,MnGe/V/Py spin valve systems we again find the
characteristic difference in the damping parameters for the
P and AP configurations. However, in contrast to Co/Cu/Py,
we determined a lower precessional frequency in the AP
state as compared to the P state. From this difference in the
precessional frequency we infer that an additional magnetic
field acts on the magnetic layers, which likely is due to
domain wall coupling in the domain state of the sample.
Therefore we conclude that if the precessional frequency is
identical for the P and AP configuration, as observed for our
Co/Cu/Py system [Fig. 4(b)], mainly the spin pumping effect
is responsible for the configurational change of the damping
parameter. In contrast, a sizable configuration dependence of
the precessional frequency, as observed in the Co,MnGe/V/Py
system, points towards a domain wall coupling, which may
also affect the difference in the damping parameter between
the P and AP states.
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