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RKKY exchange bias mediated ultrafast all-optical switching of a ferromagnet
Jyotirmoy Chatterjee'”, Debanjan Polley'?, Akshay Pattabi!, Hyejin Jang'#, Sayeef Salahuddin'
and Jeffrey Bokor!-?

Department of Electrical Engineering and Computer Sciences, University of California, Berkeley, California 94720, USA
’Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, California 94720, USA

The discovery of ultrafast helicity-independent all-optical switching (HI-AOS) as well as
picosecond all electrical switching of a ferrimagnet inspired the ultrafast spintronic community to
investigate ultrafast switching of a ferromagnet either by exchange or by a non-local spin transport
mechanism for realizing an ultrafast storage and memory device. In this manuscript, we
demonstrate exchange mediated HI-AOS of an Ruderman-Kittel-Kasuya-Yosida (RKKY)
exchange coupled [Co/Pt]-multilayers/Pt spacer/CoGd heterostructure. We studied layer-resolved
static magnetic properties and single shot HI-AOS to demonstrate ultrafast switching of Co/Pt
multilayers when ferromagnetically or antiferromagnetically coupled with CoGd. Time-resolved
magnetization dynamics show switching of the Co/Pt in 3.5 ps, which is the fastest switching of a
ferromagnet reported to date. Employing an extended microscopic three-temperature model, we
simulate the temporal dynamics of the exchange coupled ferromagnet-ferrimagnet heterostructure,
qualitatively and quantitatively explaining the experimental switching phenomena. This work
experimentally as well as theoretically establishes the mechanism of exchange mediated all-optical
switching of ferromagnet-ferrimagnet heterostructures. This type of heterostructure can be
integrated with a magnetic tunnel junction for efficient reading after ultrafast energy-efficient

switching.

*At present: Fraunhofer IPMS, An der Bartlake 5, 01109 Dresden, Germany 1
#Materials Science and Engineering, Seoul National University, Seoul 08826, Republic of Korea
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Ever since the discovery of ultrafast all-optical demagnetization[!! and magnetization reversal
phenomena, >4 there has been a strong interest in realizing ultrafast energy-efficient non-volatile
spintronic memory and storage devices. Picosecond magnetization reversal phenomena, by
femtosecond optical pulses and/or electronic pulses!® are expected to be energy efficient and
therefore believed to be an alternative ultrafast memory technology!®’! to address the exponential
growth of data and computing demand in this decade. One of the important discoveries in the field
of ultrafast optical control of magnetism is the helicity independent all-optical switching (HI-AOS)
with a single laser pulse.*l However, so far this magnetization reversal through a non-equilibrium
thermal excitation of magnetization is mainly observed in Gd based ferrimagnets (GdFeCo,*!
CoGd,Bl GdTbCol! alloy and Co/Gd bilayers!'?), ferrimagnetic Co/Tb multilayers!!'l and
ferrimagnetic MnoRuxGa Heusler alloy.l'?l Also, an optically switchable magnetic tunneling
junction (MTJ) was demonstrated employing GdFeCo as the storage layer.['3] However, in that
case, due to low spin polarization, the tunneling magnetoresistance ratio (TMR) was too small
(~0.6 %) for practical applications. Thus, it is of great interest to switch a ferromagnet with helicity
independent optical pulses, which could then be implemented as a storage layer in a high TMR
memory cell.

Up until now, two routes of HI-AOS switching of a ferromagnet have been demonstrated using
magnetic heterostructures containing both a ferrimagnetic and a ferromagnetic layer. One
mechanism is to exploit spin polarized current transport.!'# In this case, the spin current generated
due to the ultrafast switching of GdFeCo under optical excitation is responsible for the switching
of Co/Pt multilayers in the same stack. The other mechanism is Ruderman-Kittel-Kasuya-Yosida
(RKKY) exchange coupling mediated HI-AOS of a ferromagnet.!':!5] On this particular platform,
7 ps switching speed of a Co/Pt multilayer has been demonstrated when it was ferromagnetically
exchange-coupled with a GdFeCo ferrimagnet.[') However, GdFeCo does not maintain
perpendicular magnetic anisotropy (PMA) for a patterned dot with a diameter much less than 1
um.B® Hence, GdFeCo is not a desirable choice for building a coupled ferromagnet-ferrimagnet
heterostructure as a storage layer of a nano-patterned memory cell. On the other hand, CoGd
ferrimagnet layer can maintain PMA, when it is patterned down to below 200 nm diameter.®!
Therefore, in this work, we have investigated the static magnetic properties, all-optical switching
and time-resolved magnetization dynamics of a CoGd/Pt-spacer/[Co/Pt]-multilayer

heterostructure. We demonstrate that the indirect RKKY exchange coupling between the CoGd-
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ferrimagnet and Co/Pt MLs-ferromagnet depends on a Pt spacer thickness. The multilayers exhibit
HI-AOS for both ferromagnetic and antiferromagnetic coupling. The switching speed of the
ferromagnet is about 3 ps. To the best of our knowledge, this is the fastest switching of a
ferromagnet ever reported with any mechanism, including AOS, spin-transfer torque and spin-
orbit torque.l'® Moreover, a theoretical understanding of indirect RKKY exchange coupling
mediated HI-AOS is still lacking. In order to delve into the microscopic mechanism of
magnetization reversal of Co/Pt MLs and both sublattices of the CoGd alloy, we performed
analytical calculations extending the microscopic three-temperature model (M3TM).l!7:18]
Considering inter-sublattice, intra-sublattice and indirect RKKY exchange scatterings, we explain
the magnetization reversal dynamics of different magnetic components of ferromagnetically and
antiferromagnetically coupled or decoupled ferromagnet-ferrimagnet heterostructures. The

calculated values of switching times are in agreement with experimental observations.

Results and Discussion

Sample structure and magnetic metrology. The schematic of the ferromagnet-ferrimagnet
heterostructures used for this experiment is shown in Figure 1. The Co/Pt multilayers and the
CoGd ferrimagnetic alloy are separated by a Pt spacer layer. The atomic composition of CoGd is
expected to be Coeo.3Gd30.7, which is calculated from the deposition rate of Co and Gd as described
in Section S1 of supporting information. The easy-axis of both CoGd and Co/Pt layers are along
the out-of-plane direction. The pink and blue color arrows respectively represent the net
magnetization directions of the CoGd alloy and Co/Pt multilayers. The thickness of the Pt spacer
is varied from 1 nm to 4.5 nm in steps of 0.5 nm, which essentially changes the strength and/or
nature of RKKY exchange coupling between the two adjacent magnets. Accordingly, the
magnetization reversal process of the two magnetic layers from one saturation direction to the
opposite direction, for example from the positive-saturation (both the magnetizations are pointed
along positive field direction) to negative-saturation (both the magnetizations are pointed along
negative field direction) and vice-versa under the application of magnetic field also changes. In
order to understand the type of RKKY coupling and calculate the coupling strength between the
CoGd ferrimagnet and Co/Pt multilayers for different Pt spacer thickness, hysteresis loops were
measured by magneto-optical Kerr effect (MOKE) microscopy. The coupling is ferromagnetic for

the Pt thickness of 1 to 2 nm, which is manifested by the single-step hysteresis loops shown in
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Figure 2c-e. The coupling becomes antiferromagnetic for 2.5 and 3 nm Pt-spacers. As a result, we
observe two- or three-step magnetization reversal from positive saturation to negative saturation
and vice-versa (see Figure 2a,b). The minor loop in red color describes the magnetization reversal
of CoGd. The shift of this minor loop is indicative of the exchange bias field or RKKY coupling
strength. The exchange bias of CoGd with the Co/Pt multilayer are respectively 1160 Oe and 100
Oe for 2.5 and 3 nm Pt spacer thicknesses. As exchange bias is large for 2.5 nm Pt-spacer, the
maximum field of MOKE microscopy tool was not sufficient for measuring the hysteresis loop of
this sample. Therefore, we measured magnetization versus field (M(H)) hysteresis loop of this
particular sample by vibrating sample magnetometry (VSM). Notably, therefore, the symmetry of
the magnetic hysteresis loop of the stack with Pt 2.5 nm spacer is different than that of the 3 nm.
Moreover, a three-step reversal process is observed due to larger RKKY exchange bias.['] The
magnetization of the CoGd derived from the M(H) loop is 106 emu/cm?. Therefore, the RKKY
coupling energy (Eex= HexMs-coGdtcocd) energy are 0.123 and 0.01 erg/cm? respectively for 2.5 nm
and 3 nm Pt spacers. The ferrimagnet and ferromagnet become decoupled for the Pt spacer
thickness of 3.5 nm and above. The MOKE hysteresis loops shown in Figure 2f and g, are for the
heterostructures with 3.5 nm and 4 nm Pt thickness. The CoGd minor loops shown by red color
for these spacer thicknesses are centered to zero field indicating zero coupling between the CoGd

and Co/Pt MLs.

Single-shot all-optical switching.

We now discuss experiments to investigate whether the ferromagnet layer can be optically
switched for both ferromagnetic and antiferromagnetic RKKY coupling to the CoGd layer as well
as for decoupling. First, single-shot switching experiments are presented. The samples were
irradiated with a single 80 fs (full-width-half-maximum) linearly polarized laser pulse (central
wavelength of 800 nm) and the magnetization state detected with MOKE microscopic imaging
using a 630 nm light-emitting diode light source. The initial condition of different samples, before
the optical pulse, are set by fully saturating the magnetizations of both the magnetic layers along
the positive field direction and then turning off the magnetic field. At the starting condition, the
magnetizations of both the CoGd and Co/Pt MLs are magnetized along the up-direction for
ferromagnetically coupled samples. After the first pulse, both the magnetizations are reversed to

the down direction. The magnetization toggles from up-up to down-down to up-up configurations
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with consecutive optical pulses as shown by the images of Figure 2j-1. For antiferromagnetically
coupled samples, the magnetizations of Co/Pt MLs and CoGd are respectively set along up and
down direction (up-down) as the starting condition. The magnetization toggles from up-down to
down-up to up-down configuration with successive laser pulses as presented by the images of
Figure 2h,i. Therefore, single-shot HI-AOS of the ferromagnet (Co/Pt MLs) is observed for both
ferromagnetically and antiferromagnetically coupled samples, which is confirmed after analyzing
the images. The image analysis is explained in section-S2. In contrast, for decoupled samples (Pt
spacer > 3.5 nm), only the CoGd undergoes HI-AOS. The magnetization of Co/Pt MLs is not
switched. As a result, we see darker contrast at the center of the image (see Figure 2m,n), where
the pulse is irradiated, which is in agreement with the reversal step of CoGd as evident from the

MOKE hysteresis loops shown in the Figure. 2f,g.

Depth resolved single-shot all-optical switching:

In order to directly capture the images of quasi-static magnetization states after single-shot AOS
of the individual magnetic layer, for example, either of the CoGd alloy or of the Co/Pt MLs, the
samples were characterized by the layer sensitive MOKE microscopy technique. A quarter-wave
plate (QWP) is placed in the optical path after the polarizer to establish the additional depth
sensitive magnetic probing(!>29-22] for characterizing the layer selective MOKE hysteresis loops
(see Figure 3a-c) or depth-sensitive imaging after single-shot HI-AOS (see Figure 3d-f). In this
technique, the MOKE signal is a mixture of Kerr rotation and Kerr ellipticity, which is tuned by
the angle of QWP. It is possible to determine an angle at which the amplitude of Kerr signal coming
from one magnetic layer is nulled out. Therefore, only the Kerr signal from the other magnetic
layer contributes in the MOKE signal. We start with the decoupled or anti-ferromagnetically
coupled samples and find the two QWP angles at which the Kerr signals are respectively originated
from the CoGd and from the Co/Pt MLs. Similar angles of the QWP remain valid irrespective of
the thickness of the Pt spacer for depth sensitive magnetic and AOS characterization, because the
Kerr signal only originates from a magnetic layer. Moreover, the total penetration depth of 630 nm
and 800 nm light is more than 20 nm,['>-23] which is also shown by the absorption profile in Figure
S3 of the supplementary information. Note that the absorption profiles are calculated by the

transfer matrix method described in section S3.
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The depth-sensitive hysteresis loops are presented in Figure 3a-c for decoupled,
antiferromagnetically coupled and ferromagnetically coupled samples. The hysteresis loops
clearly show the MOKE signal is either originating from CoGd or from Co/Pt MLs. Similar to the
loops shown in Figure 2, a zero and a positive bias field is observed in the minor loops of CoGd
for decoupled and antiferromagnetically coupled samples. On the other hand, similar coercivity of
the CoGd-alloy and Co/Pt MLs for 1 nm Pt-spacer again supports ferromagnetic coupling between
them. After setting up the above-mentioned depth sensitivity, a direct imaging of toggle switching
of the CoGd alloy and of the Co/Pt MLs, by a single optical pulse is shown in Figure 3d-f. Figure
3d reveals that only the magnetization of CoGd is reversed with femtosecond laser pulse and Co/Pt
MLs undergoes a partial demagnetization. On the contrary, both the CoGd ferrimagnet and the
Co/Pt ferromagnet are reversed for both ferromagnetic and antiferromagnetic couplings (see
Figure 3e,f). In previous work,[!*?4] it was shown that Pt spacer thicker than 2 nm almost fully
blocks the non-local spin current, generated due to the ultrafast switching of CoGd which can
reverse the magnetization of Co/Pt. But here we have demonstrated the switching of Co/Pt MLs
for 3 nm thick Pt spacer. Moreover, non-local spin current will only switch the magnetization of
the Co/Pt MLs when its magnetization is oppositely aligned with respect to the magnetic moment
of the Gd-sublattice of the CoGd alloy.['*] This is because spin current generated from Gd is
responsible to switch the ferromagnet on the other side of spacer layer. In contrast, here we have
demonstrated the switching of Co/Pt MLs for both ferromagnetic and antiferromagnetic coupling
when the magnetization of Co/Pt MLs are respectively aligned opposite to and along the direction
of the Gd-sublattice’s magnetization. Hence, we rule out the possibility of switching of the Co/Pt
multilayer triggered by non-local spin current generated by the switching of CoGd. The spin
current can also be generated due to spin-dependent Seebeck effect (SDSE) due to the possible

(25 However, for CoGd the contribution of spin current

thermal gradient present across the layers.
generation during initial nonequilibrium state, is expected to be dominated by the demagnetization
of CoGd. The contribution of spin current from SDSE is expected to be much smaller in magnitude
compared to the spin current originated due to demagnetization.[*! Moreover, if the temperature
gradient is playing any role in the observed switching, it cannot explain the switching of Co/Pt
multilayers for both ferromagnetically and antiferromagnetically coupled stacks. Dipolar stray
fields coming from the CoGd alloy acting on the demagnetized Co/Pt MLs is also not responsible

as it cannot explain all the different switching scenarios, for example up-up to down-down and
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vice versa for ferromagnetically coupled samples, up-down to down-up and vice versa for anti-
ferromagnetically coupled samples and non-reversal of Co/Pt multilayers’ magnetization for
decoupled samples. Hence, we conclude that the switching mechanism must be RKKY exchange
coupling mediated AOS of Co/Pt MLs.

Layer-sensitive time-resolved magnetization dynamics:

We next present data on the ultrafast magnetization dynamics of the various samples. In order to
probe temporal dynamics of the Co/Pt ML and CoGd layer, we performed stroboscopic pump-
probe measurements with an 800 nm laser using the time-resolved magneto optical Kerr effect
(TR-MOKE) technique. We again use a QWP for establishing layer sensitivity with either of the
magnetic layers, which is confirmed by measuring hysteresis loops by MOKE using the 800 nm
laser probe beam. Figure S4B exhibits layer-sensitive laser-MOKE hysteresis loops, which are in
agreement with the layer-sensitive hysteresis loops measured by MOKE microscopy technique as
shown in Figure 3a-c.

The temporal dynamics of the decoupled sample is depicted in Figure 4a. The dynamics clearly
shows HI-AOS of the CoGd alloy after ~1.5 ps. However, the Co/Pt multilayer is only partially
demagnetized following a slow remagnetization along its initial magnetization direction. In
contrary to the decoupled sample, the ferromagnetically coupled sample exhibits switching of both
the CoGd alloy and Co/Pt multilayer as shown in Figure 4b. CoGd reverses its magnetization after
~1.5 ps. The Co/Pt multilayer exhibits switching after only 3 ps. To the best of our knowledge this
is the fastest switching of a ferromagnet ever reported irrespective of the stimuli (STT, SOT or

AOS).

Extended microscopic three temperature model:

As discussed before, from the experimental observations we have eliminated spin current as well
as dipolar field and argued that RKKY exchange coupling is the mechanism for the switching
phenomena of Co/Pt multilayers. In this section, we will explain RKKY exchange coupling
mediated HI-AOS dynamics by extending the microscopic three temperature model (M3TM)
proposed by Beens et al.['”-!8 The details of the model is discussed below with further details to
be published elsewhere.?”! Basically, we solve a set of differential equations for electron and
phonon sub-systems for both the Co70Gdso alloy and Co/Pt multilayer according to the two-

temperature model (2TM), including the heat dissipation through the substrate, to calculate
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electron and phonon temperatures (7. and 77) as a function of time (see supplementary section S5).
Note that Co/Pt multilayers are considered as a single layer in the simulation. The laser pulse
energy, expressed by a gaussian function with FWHM of 100 fs, is absorbed by the electron
system. The absorbed optical energy by the Co/Pt ML and the Co70Gdso alloy is calculated by the
transfer matrix method(?®! using the optical constants tabulated in Table 1 of supplementary note
S3 and the measured thicknesses of each of the layers. The electron and phonon systems are
respectively described by a spin-less free electron gas and Debye models. The spin sub-systems of
CoGd (Co and Gd sublattices) and Co/Pt multilayers are modeled according to Weiss mean field
theory assuming the spin quantum number S; = 1/2. As explained by Beens et al., we have
considered two channels for spin angular momentum transfer for CoGd. The electron-electron
exchange scattering between Co and Gd sublattices and Elliot-Yafet spin-flip scattering due to
electron-phonon interaction. In addition to these, one extra channel is added due to long range
RKKY exchange coupling with the Co/Pt multilayers. For the Co/Pt multilayer only Elliot-Yafet
type spin relaxation process and RKKY type long range exchange scattering are considered. Hence

the exchange splitting parameters are expressed as

(Ycopt—coMcopt)
4
(Ycort—GaMcopt)

Dga = X¥ga-coMco + (1 = X)¥ga-gaMea + —— 4 -

A _ Ycopt—coMco | Ycort—GaMGa
copt = Ycopt—cortMcopt + 4 + 4 )

Aco = XYco—coMco + (1 — X)¥Vco—gaMea +

where y;; = zJ;;u;; (i,j € {Co,Gd,Co/Pt}). The exchange coupling parameter J; =

3kBTc,i

m,i = {Co, Gd, CoPt}. Here z = 12 is the number of next nearest neighbors considering

an FCC type of lattice and T, ; is the Curie temperature of individual elements (TC'CO = 1400 K,
Tega = 292K and T; ¢o/pr = 580 K ) The antiferromagnetic inter-sublattice exchange coupling
parameter is taken to be, Joo_gq = —0.388 X J,.l'7! The last terms of the first two equations and
the last two terms of the third equation describes the RKKY exchange interaction for which the
Co/Pt multilayers is approximated as a single layer. The RKKY coupling strength (Jrkxy) has been
varied up to 5% of direct exchange of Co/Pt, i.e Jgrxxy = £(0t0 0.05) X Jeopr =
+(0 to 6.658) x 10723 J. The sign defines the type of RKKY coupling (ferromagnetic or anti-

ferromagnetic), which is controlled by the thickness of the spacer layer (Pt in our case for
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example). With this model we simulated three types of ferromagnet-ferrimagnet heterostructures
such as ferromagnetically coupled (Pt spacer 1 nm), antiferromagnetically coupled (Pt spacer 3nm)
and decoupled (Pt spacer 4 nm). The absorbed laser energy by the respective magnetic layers for
these three types of samples are calculated by the transfer matrix method. Figure 5 describes the
switching dynamics at the minimum absorbed energy, for these three heterostructures. The RKKY
coupling strength is considered to be Jpxxy = £0.05 X J.,ps for Figure 5a, b and ¢, d respectively
representing ferromagnetic and antiferromagnetic coupling. There is no sharp change observed in
the electronic temperature after 3.5 ps (2 ps) for Co/Pt (CoGd) subsystem. After 4 ps, the electron
temperature of Co/Pt (CoGd) gets reduced to 450 K (985 K) as shown in the temperature profile
of Fig. 5. It has been theoretically predicted that RKKY coupling amplitude is reduced by ~18 %
at a temperature of 750 K.[*l Hence, we have used room temperature amplitude of RKKY
coupling and assumed it to be temperature independent. The dynamics calculated with our model
exhibits magnetization reversal of CoGd irrespective of coupling (see Figure 5a,c and e) similar to
our experimental observation. CoGd exhibits switching in 1.5 ps, which is in agreement with
experiment. Moreover, Co/Pt MLs exhibit switching for both ferromagnetic and antiferromagnetic
coupling as shown in Figure 5b and d. For the decoupled case, the magnetization of Co/Pt
undergoes sharp demagnetization followed by slow recovery along its initial direction as shown in
Figure 5f, however the ferrimagnet switches as shown in Figure Se. For ferromagnetic and
antiferromagnetically coupled samples, we observe that Co/Pt switches in a two-step like process.
First a fast (due to its smaller atomic magnetic moment compared to Co or Gd) and almost full
demagnetization at ~450 fs, and then switching at ~4 ps, which is close to the experimental
switching time. The two step switching process is also in agreement with the present and also
previous measurements'>, which is a signature of exchange mediated switching. Our simulation
shows that the electron temperature of Co/Pt increases with the incident laser energy, and it takes
a longer time to cool down below the Curie temperature (See Figure S6). As a result, Co/Pt stays
in demagnetized state until it is cooled down and the RKKY exchange acts on it from the already
switched CoGd via RKKY exchange coupling. Since Co/Pt stays close to fully demagnetized state
before switching, we calculate the switching time when its magnetization crosses a small positive
value (0.01) to avoid any ambiguity. The switching time of Co/Pt depends significantly on
absorbed laser energy and the strength of RKKY coupling, which is shown in Figure 6. The

switching becomes faster with the increase in RKKY strength and slower as a function of absorbed
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energy. With increasing RKKY strength, it is obvious that the Co/Pt layer gets enough angular
momentum (from the CoGd subsystem) to switch on a much faster timescale. On the other hand,
upon increasing the laser energy, the maximum lattice temperature of Co/Pt linearly increases with
the absorbed optical energy. As we increase the incident/absorbed energy, the difference between
the Currie temperature and the maximum lattice temperature decreases. Therefore, the Co/Pt
moments spend longer time in the demagnetized state before they are flipped in the opposite

direction, resulting in slower switching dynamics of Co/Pt.

In conclusion, we have experimentally demonstrated RKKY exchange coupling mediated ultrafast
all-optical switching of a Co/Pt MLs exchange coupled with a CoGd alloy. Layer resolved single-
shot imaging has revealed HI-AOS of Co/Pt multilayers for both ferromagnetic and
antiferromagnetic type of RKKY coupling. The switching speed of Co/Pt multilayers
ferromagnetically coupled with CoGd by 1nm Pt spacer is ~3 ps, which is the fastest switching of

15301 Theoretical simulation using extended microscopic three

a ferromagnet ever reported.!
temperature model resulted in temporal magnetization dynamics consistent with the experimental
dynamics. The simulated dynamics unveils AOS switching speed of CoGd and Co/Pt multilayers
to be ~1.5 ps and ~4 ps respectively. The dynamics of the Co/Pt multilayers depends on the
absorbed laser energy and the strength of RKKY coupling. The switching becomes slower upon
increasing the incident/absorbed laser energy and faster with the RKKY exchange energy.
Thereby, this investigation lays the foundation of combinatorial experimental-theoretical

understanding for engineering a RKKY exchange coupled ferromagnet-ferrimagnet

heterostructure for picosecond opto-magnetic memory applications.
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Figure 1: Schematic diagram of the layer configuration of the samples used for this investigation.
The blue and pink arrows respectively represent the magnetization direction of Co/Pt multilayers

and CoGd ferrimagnetic alloy
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Figure 2: Out-of-plane magnetic hysteresis loops measured by (a) vibrating sample magnetometry
(b-g) MOKE microscopy of the heterostructures shown in figure 1 for different Pt-spacer
thicknesses from 1 to 4 nm with 0.5 nm steps. (h-n) Single shot HI-AOS MOKE images of the
corresponding stacks with different spacer thicknesses. The hysteresis loops and single-shot
switching images on grey, yellow and cyan shaded regions are respectively for the decoupled,
ferromagnetically coupled and anti-ferromagnetically coupled samples. The red color loops are

the minor loops of CoGd.
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Figure 3: Layer-sensitive (a-c) magnetic hysteresis loops and (d-f) single shot HI-AOS images of
three types of exchange coupled stacks {[Co 0.5/Pt 0.25]3/Co 0.5/ Pt (1, 3, 4)/ CoGd 10 nm}

measured by MOKE microscopy. The hysteresis loops and single-shot switching images on grey,

yellow and cyan shaded regions are respectively for the decoupled, ferromagnetically coupled,

anti-ferromagnetically coupled samples. The black and blue color hysteresis loops are measured

when the MOKE is sensitive to CoGd and Co/Pt multilayers respectively. Shifted red color loop

for Pt 3 nm spacer is the minor loop of CoGd suggesting antiferromagnetic RKKY exchange bias.

First row and second row of single-shot switching images respectively represent the switching of

CoGd-alloy and Co/Pt multilayers for three different samples.
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Figure 5: Temporal dynamics of exchange coupled heterostructures obtained from extended-

M3TM model. Magnetization dynamics of (a,b) ferromagnetically coupled system with Pt 1 nm

spacer, (c,d) antiferromagnetically coupled system with Pt 3 nm spacer, and (e,f) decoupled system

with Pt 4 nm spacer. The yellow and cyan shaded regions respectively represent electron and lattice

temperatures as a function of pump-probe delay. The dashed lines are the Currie temperature of

the Co (1400 K), Gd (292 K) and Co/Pt (580 K) sub-lattices.
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Figure 6: Switching time of Co/Pt as a function of RKKY exchange strength for both ferromagnetic

and antiferromagnetic coupling at two different absorbed optical energies.
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