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Supplementary data

S1. Mean atomic concentration of the [Th/Coln multilayered system to achieve magnetic
compensation.
It is possible to determine the mean atomic concentrations of the Tb and Co layers [Ref S1]

required to compensate the magnetic moments of the sublattices at room temperature, by
considering the atomic mass and the densities of Tb and Co.
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The values t=10 A and tco= 9.5 A implies the relative atomic proportion of Co and Tb is 73.5
% and 26.5% respectively. Our estimation of the atomic concentration of the compensation
thicknesses agrees with previous values reported in other works [Ref S2, Ref S3] who obtained
72.2 % of Co in a multilayered system and 78 % of Co in an amorphous alloy of TbhxCo1. It is
important to mention that in our system, not only the perpendicular magnetic anisotropy
(PMA) but also the optical-switchability strongly depend on the relative concentrations of Tb
and Co. Although the ratio tco/tty = 1.1 yields a strong PMA, reduction of the ratio tco/tm
caused the easy axis of the uniaxial anisotropy to rotate in-plane, as indicated in Fig. 1a of the
manuscript.

S2. Additional data to discuss the influence of the initial layer on the magnetic properties of
the optically switchable electrodes.

Our magnetic tunnel junction electrode consists of a [Tb/Co] multilayer coupled to a FeCoB
layer separated by an ultrathin layer of Ta. As know, in a ferromagnetic multilayer as [Tb/Co]s
the coupling between the Tb and Co atoms at the interface is antiferromagnetic. It is also
expected an antiferromagnetic coupling between transition metal atoms of the FeCoB layer
and the Tb atoms. To explore this, we characterize three different structures: the isolated
[Tb/Co]s multilayer, FeCoB/Ta/[Tb/Co]s and FeCoB/Ta/[Co/Tb]s structures. Fig. S1a shows the
coercive field mapping of an isolated [Th/Co]s multilayer, in which the compensation region
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(blue fringe) is located at the center of the wafer. Vertical and horizontal lines located at
t1r=12 A and tco=10A are guides to the eyes. The hysteresis loops obtained during the
mapping showed high remanence and a square shape evidencing the anisotropy easy axis
perpendicular to the plane. The growth of an additional FeCoB layer to form the optical
switching electrode evidenced that the coupling between the FeCoB and the initial layer of
the ferrimagnetic multilayer has a significant impact on the compensation region. Fig S1b and
Slc presents the coercive field mapping of the FeCoB/Ta/[Tb/Cols and FeCoB/Ta/[Co/Tb]s
structures respectively. The seed layer consist of a Ta(30A)/FeCoB(4A)/MgO(12A) structure.
Coercivity mappings were obtained from the as-deposited samples. As can be seen from the
mapping of the sample with Tb as adjacent layer to the FeCoB (Fig. S1b), the presence of the
FeCoB has no a significant impact in the thicknesses required to achieve compensation;
however, from the mapping of the sample with Co as adjacent layer to the FeCoB (Fig. Slc),
we evidenced that the stability of the perpendicular anisotropy of the Tb-rich region is
strongly affected and the thicknesses required to achieve compensation can’t be determined.
Hysteresis loop extracted from figures S1b and Sic for t1=12.4 A and tc.=8.1 A also showed
that the Kerr signal was inverted with respect to the external magnetic field (Fig. Sle),
indicating that the interlayer coupling was also affected by the FeCoB-Co exchange coupling.

Finally, Fig. S1d shows the hysteresis loops of the electrodes with tr,=10.5 A and tc,=13.2 A for
the FeCoB/Ta/[Tb/Co]s electrode. Although, the coercive field of the samples with Tb as initial
layer increases a 60 % with respect to its counterpart, the perpendicular anisotropy is kept for
the thicker Co regions, and more important, the PMA is also kept after annealing.
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Ta(0.2)/[Th(#,)/Co(tco)]s

Ta(0.2)/[Co(tco)/ T(try)]s

1800

1500

)
S
3

Tb (nm)

o
S
S

Coercivity (Oe)
8

Coercivity (Oe)
Coercivity (Oe)

w
=3
S

o

08 09 10 11 12 13 14
Co (nm)

08 09 10 11 12 13 14
Co (nm)

d) o— Tb initial layer ) " j C) S ThE Y ' ‘
1001 _u— o initial layer 1 30 [ —a—Coinitial layer
—
— S50} 7 ] v | . . i
> I g > 15| 7
3 i I 3 +4
s o £ )
= ok q = 0 £
FRRI i
a | 7 £]
o -15 T
Eosor 4, . g1 bt
* memdeee—— | 13 ) A * 1814
-100 ° N 30 A
1,-10.5 & =124 A
. i

-2000 -1000 0 1000 2000 -2000 -1000 0 1000 2000
Magnetic Field (Oe) Magnetic field (Oe)

Fig S1. Coercive field mapping of a)[Th/Co]s multilayers, b)FeCoB/Ta/[Th/Co]sand c)FeCoB/Ta/[Co/Tb]s
structures to explore the influence of the initial layer of the [Th/Co] multilayers within the tunnel
junction electrodes. Vertical and horizontal lines located at tr,=12 A and tc,=10A are guides to the eyes.
The seed layer consist of a Ta(30A)/FeCoB(4A)/MgO(12A) structure, in which the 4A-FeCoB is a dead
magnetic layer. c) and d) Kerr hysteresis loop of the electrodes with Tb (L1,/A) and Co (l,A) as
adjacent layer to the FeCoB with d) t,=10.5 A and tc,=13.2 A and e) t1,=12.4 A and tc,=8.1 A.
Hysteresis loops were extracted from the coercive field mapping showed in b) and c).
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S3. Additional data to discuss the pulse duration and fluence dependence of the all-optical
helicity independent switching in CoFeB-[Tb/Co]s electrodes.

The laser pulse duration and fluence dependence for CoFeB/[Tb(10 A)/Co(13 A)]s is shown in
Fig. S2 (next page) using single 70 fs and 7 ps laser pulses with fluences F = 3.1, 3.5 and 4.0
mJ/cm?. As can be seen from Fig. S2 images obtained for a laser pulse duration D = 7 ps, a
clear reverse of the magnetization is observed for F = 3.1 mJ/cm?. Fluences above 3.5 mJ/cm?
induce thermal demagnetization regions at the center of the induced magnetic domain and
fully reversal of the magnetization near the edges of the spot. The demagnetized regions are
enclosed by a purple dashed circle in Fig.S2. By reducing the pulse duration to 70 fs, the
fluence required to induce thermal demagnetization on the sample increases. In contrast with
D = 7ps, 70 fs allow us to reverse the magnetization for 3.5 and 4.0 mJ/cm?. The optimal
fluence window to observe HI-AOS in FeCoB-[Tb/Co]n shifts towards lower energies as we
increase the pulse duration of the single pulse.

S4. TMR _ distribution of  FeCoB(11A)/MgO(23A)/FeCoB(13A)/Ta(2A)/[Tb(9.5A)/Co(12.5A)]s
nanopatterned junctions.

The TMR distribution of hundreds of MTJ with different diameters is shown in Fig. S3a. The full
structure of the junctions consist of: Ta(30A)/FeCoB(11 A)/MgO(23 A)/FeCoB(13 A)/Ta(2
A)/[Tb(9.5 A)/Co(12.5 A)]s. The maximum TMR ratio (36 %) was observed for a 200 nm-
diameter junction with a minimum resistance of 6 kQ. Fig. S3a shows the corresponding
resistance loop extracted from the 200 nm-diameter (yellow) distribution of Fig. S3a.
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Fig S3. a) TMR distribution of the Ta(30A)/FeCoB(4A)/MgO(23A)/FeCoB(13 A)/Ta(2 A)/[Tb(9.5
A)/Co(12.5 A)]s nanopatterned junction for different diameters. b) Resistance loop of a 200 nm-
diameter with a TMR ratio of 36 %.
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Pulse duration and fluence dependence of (seed layer)/MgO/FeCoB(13 A)/Ta(2 A)/[Tb(10A)/Co(13 A)]s
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Fig S2. Magneto-optical images demonstrating the pulse duration and fluence dependence of the
magnetization reversal in (seed layer)//MgO/FeCoB(13 A)/Ta(2 A)/[Tb(10 A)/Co(13 A)]s. Images were
taken after the incidence of single 70 fs and 7 ps laser pulses with fluences F = 3.1, 3.5 and 4.0 mJ/cm?.
Purple dashed circles indicate the regions that showed clear thermal demagnetization after the pulse.

S5. Hysteresis loop of CoFeB/MgO/CoFeB/Ta/[Tb(10 A)/Co(13 A)l1s.

During the characterization of the optically-switchable electrodes we also explored the
magnetic properties and magneto-optical response of the [Tb/Co] system as a function of the
number of repetitions in the multilayer. Crossed-wedge samples with 15 repetitions of [Tb/Co]
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not only showed strong PMA and response after the incidence of single laser pulses, but also
high values of TMR after processing. Fig. S4 shows the M(H) of a sample with uniform
thickness and with 15 repetitions of the Th/Co multilayer after its integration within a MTJ
structure.
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Fig S4. Out-of-plane M(H) curve measured for the MTJ with the stack [Tb/Co]ss. Inset: Illustration of
the 4 magnetic states indicating the stages intended for optical writing and electrical readout.
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