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Abstract

Spin Hall effects have surged as promising phenomena for spin logics operations without
ferromagnets. However, the magnitude of the detected electric signals at room temperature in

metallic systems has been so far underwhelming. Here, we demonstrate a two-order of magnitude
enhancement of the signal in monolayer graphene/Pt devices when compared to their fully metallic
counterparts. The enhancement stems in part from efficient spin injection and the large spin
resistance of graphene but we also observe 100% spin absorption in Pt and find an unusually large
effective spin Hall angle of up to 0.15. The large spin-to-charge conversion allows us to characterise
spin precession in graphene under the presence of a magnetic field. Furthermore, by developing an
analytical model based on the 1D diffusive spin-transport, we demonstrate that the effective spin-
relaxation time in graphene can be accurately determined using the (inverse) spin Hall effect asa
means of detection. This is a necessary step to gather full understanding of the consequences of spin
absorption in spin Hall devices, which is known to suppress effective spin lifetimes in both metallic

and graphene systems.

1. Introduction

Spin Hall effects (SHE) are a family of relativistic
phenomena in which electrical currents generate
transverse spin currents and vice versa as a
consequence of spin—orbit coupling (SOC) [1]. In
non-magnetic materials, they provide a versatile tool
for the generation and detection of spin currents
without the insertion of ferromagnets (FMs). Early
theoretical investigations showed that the SHE
can be of extrinsic [2, 3] or intrinsic [1, 4] origin.
Experimental observations have been carried out
in semiconductor and metallic systems by means
of optical [5, 6], electrical [7] and magnetization
dynamics [8] methods, triggering many fundamental
studies and potential applications [9].

The exploration of the SHE using nonlocal (NL)
measurements [7, 10] have been frequently performed
in metals using Pt as the large SOC material [11, 12].
In semiconductor systems, detection and modula-
tion of the inverse SHE (ISHE) has been achieved in

n-GaAs by means of spin precession in combination
with external electric fields [13]. These studies have
led to a better comprehension of the phenomena and
more accurate determination and control of the spin-
to-charge conversion efficiency, which is quantified
by the spin Hall angle (asyg). For instance, agpg can
be enhanced by using metallic alloys [ 14, 15], or tuned
by changing the electrical resistivity [16]. Moreover,
recent experiments have demonstrated that spin cur-
rents generated by the SHE can be large enough to
switch the magnetization of nanomagnets [17, 18] and
induce fast domain wall motion [19], highlighting the
potential use of the SHE in conventional spintronic
devices [18] and pointing the path towards future
spintronics without FMs.

Additionally, 2D materials have emerged as prom-
ising system for spintronics owing to their tune-
able electronic properties. In particular, graphene is
attractive for both propagating and manipulating
spin information over long distances because of its
long spin-diffusion length A; [20-22]. Studies of spin
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relaxation in graphene has been explored using stand-
ard Hanle measurements [23-29] and out-of-plane
precession to determine the spin relaxation aniso-
tropy [30]. Improvements in the graphene quality have
led to A, in the range of tens of micrometers, which
is already suitable for a number of applications [31,
32]. Nonlocal signals detected in H-shape graphene
structures decorated with metallic particles have been
interpreted as due to large spin Hall effects, owing to
SOC by proximity effects [33]. Theoretical analy-
sis suggests that the proximity SOC should indeed
enhance the spin Hall effect [34, 35], but also that the
signal in the H-shape structures can be affected by non
spin-related contributions, which can lead to incor-
rect interpretations [35, 36]. More recent experiments
using a ferromagnetic source/detector [7, 10-12] in
multilayer graphene/Pt spin devices demonstrated
large spin signals at room temperature, showing the
potential of graphene-based devices for spin to charge
conversion [37].

Here, we unambiguously demonstrate the obser-
vation of the (I)SHE in monolayer graphene/Pt struc-
tures. We show that the spin-dependent properties
of graphene can be fully characterised by combining
spin precession experiments with the ISHE. We use an
established spin-sensitive method [7] in which a spin
polarised current is injected into the graphene chan-
nel by using a FM (figure 1(a)). The spin current pre-
cessing along the channel by the action of a magnetic
field is then probed by measuring the resulting voltage
generated by the ISHE in the Pt detector. Remarkably,
the spin signals at room temperature are two orders of
magnitude larger than those observed in equivalent
devices with metallic channels, as with multilayer gra-
phene [37]. The spin current absorption by Ptbecomes
complete when the graphene is used in monolayer
form, which has never been observed before. In addi-
tion, the use of highly-doped Si substrates allows us to
modulate such signals by the action of a backgate volt-
age, providing a new tool to explore the spin relaxation
dependence on the carrier density. In order to interpret
the results, we develop a model to extract the spin Hall
angle of Pt together with the graphene A, and associ-
ated spin relaxation time T, in the region where the Pt
wire is inserted. We find that 7; is typically in the range
of hundreds of picoseconds, in agreement with the
estimations with standard Hanle measurements [20].

2. Device fabrication

Figure 1(b) shows an optical micrograph of a typical
device, which comprises Co and Pt electrodes
connected to a graphene flake that is used as a spin
channel. Graphene flakes are mechanically exfoliated
from a highly oriented pyrolytic graphite source onto
a p-doped Si substrate covered with 440 nm thick SiO,,
which is used to control the graphene carrier density.
The Ptand FM Co electrodes are defined in subsequent
e-beam lithography steps and deposition in a high
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vacuum e-beam evaporator (1078 Torr). A 0.3 nm thick
sticking layer of Ti is deposited prior to the deposition
of Pt (12 nm thick; 150 nm wide). To assure good spin
injection onto graphene 0.8 nm thick, TiO, barriers are
fabricated in a controlled oxygen environment. The
30nm thick FM electrodes are designed with widths
of 150 and 200nm in order to vary their coercive
fields and enable access to the parallel and antiparallel
magnetization configurations. After fabrication the
samples are inspected with optical microscopy prior
to the measurements and then fully characterized
with SEM after concluding the experiments. The
selected graphene flakes are typically ~1 ym wide and
homogeneous along the device length.

3. Resultsand discussion

Transport measurements presented hereafter have
been carried out at room temperature in a vacuum
environment (10~* Torr). The injected current I
varies from 1 to 5 pA. Figures 1(c) and (d) display
the resistance R as a function of gate voltage V, at
two different regions of the channel (the electrode
configurations are shown in the insets). The first
region (figure 1(c)), corresponding to the section of
the channel where there is no Pt wire, is used as a
reference to carry out standard Hanle measurements.
The second region (figure 1(d)) corresponds to the
zone where the Pt wire has been inserted in order to
measure the SHE and characterize the spin absorption.
It is observed that R is not significantly modified by
the presence of the Pt wire. In both regions graphene
is weakly p-doped, with the charge neutrality point
(CNP) located at V; =~ 10 V. The extracted mobility
and residual carrier density ng are j ~ 9000 cm?(Vs) !
andny = 2 x 10''cm™2 which are comparable to those
obtained in devices fabricated using angle evaporation
without breaking vacuum [30], demonstrating the
reproducibility and quality of the device fabrication.
The spin transport is characterised by using stand-
ard non-local Hanle measurements. Here, an electri-
cal current I passing through the interface between
the FM electrode and the graphene creates an out-of-
equilibrium spin accumulation. Spin diffusion leads
to the generation of a spin current along the channel,
which is then detected by measuring the voltage Vi at
the second FM electrode (see figure 2(a)). An external
magnetic field Bapplied perpendicular to the substrate
induces precession therefore modulating the detected
signal. Figure 2(d) shows Ry. = Var/I obtained for
the parallel and antiparallel magnetic configuration at
Vg = —20V.The spin signal is recorded while sweeping
the magnetic field down. The long channel length of
7 pum, and the large Co/TiO; interface resistance, typi-
cally between 12k(2 to 20kS2, reduce the influence of
the electrodes in the spin dynamics and help mini-
mize the effects associated to the magneto resistance of
graphene, as the magnetic field B required for the
complete characterisation of spin precession is small
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(b)

Figure 1. (a) Schematic representation of the probe configuration used to measure the inverse spin Hall effect in our devices. The
electrical current passing through the Co/graphene interface injects a spin current into the graphene channel. The spins are oriented
along the Co magnetization (blue arrows). During the diffusion along the channel (red arrow), spins precess due to the action of the
external magnetic field B (gray arrow). The absorption into the graphene/Pt interface induces the voltage due the ISHE in Pt. (b)
False-colour optical image of a typical device. The two Co wires (150 and 200 nm wide) and two Pt wires (150 nm wide) located at
the right side constitute the reference device for the standard Hanle measurements. The Pt wires in the middle and in the extreme
right are used to perform the spin Hall measurements. ((c), (d)) Probe configurations (insets) and corresponding four point
resistances R versus backgate voltage Vi in the channel regions where standard Hanle and SHE measurements are carried-out.
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[30]. As observed in figure 2(d), average 90° and 180°
spin precession angles are achieved at relatively
low |B| ~40 mT (zero crossing) and |B| ~ 60 mT
(minima), respectively.

The output voltage Vi under the influence of B
can be modeled considering the diffusion of carriers in
one dimension by [23],

Ip?
e2NWg

Vo =+ fo ™ P(t) cos(wit) exp(—%)dt

(1)
where p, e, N and W; are the effective spin polarization
of the FM electrodes, the electron charge, the density
of states and the width of graphene, respectively.
P(t) is the distribution function for electrons at the
injector to reach the detector in time ¢ while exp(—%)

describes the spin relaxation in the channel. P(¢) is
equal to P(t) = </1/47Dt - exp(—L2/4Dt), with D the
spin diffusion constant and L the distance between
injector and detector. The contribution of a carrier
to Vi is proportional to the projection of the spin
along the direction of the electrode magnetization,
cos(wyt) with wy, the Larmor frequency. As observed
in figure 2(d), the experimental results are in good
agreement with equation (1) (red curve), allowing us
to extract the graphene spin dependent parameters,
A~ 3.4 um, and D~ 0.06 m? s}, which compare
well with typical values obtained in graphene-based

nonlocal devices on a SiO,/Si substrate [20]. Assuming
equal polarization at both interfaces, the effective spin
polarisation of the electrodes is p = 0.16.

Having characterised the devices with conven-
tional Hanle experiments we carry out the measure-
ments based on the ISHE using the probe configuration
shown in figure 2(b). A current I is injected at a FM
electrode, which generates a spin current j, flow-
ing towards Pt. As in the previous measurements, the
external magnetic field is perpendicular to the gra-
phene plane to induce spin precession. The spin cur-
rent j_ is then absorbed at the Pt/graphene interface,
resulting in a voltage Visup, and the corresponding
spin Hall resistance Riggyg = Visue/I, due to the ISHE
in Pt (red curve in figure 2(e)). We observe that Rigpg is
antisymmetric with B. Atlow B, Rigyg is approximately
linear, whereas at higher B,|Visug| reaches a maximum
and then decreases. Such a behavior is expected from
a spin-related signal. Indeed, Vigyg is proportional to
the cross product (j, X s) between the spin current
j; and the spin orientation s [1, 3]. Because the mag-
netization of the FM electrodes is oriented along their
length, the spins at B = 0 are parallel to the Pt wire and
Visug is zero. Only when a non-zero magnetic field B
is applied, the spins are detected, as spin precession
generates a spin component perpendicular to the Pt
wire. When B increases, | Visyg| reaches a maximum
and then decreases as the average spin precession angle
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Figure2. (a)Probe configuration and (d) standard Hanle measurement obtained for the parallel and antiparallel magnetic state
of the reference device. The red curve shows the best fitting of the data from which the spin dependent parameters of graphene are
extracted. ((b), (¢)) Probe configurations and (e) corresponding experimental results obtained for the SHE (gray curve) and ISHE
(red and green curves) at V; = 0in device one for which the channel length Lgpyg is 4 zm. The ISHE measurements in (f) show the
dependance of the signal on the orientation of the magnetization M of the injector. For clarity, small background signals have been
extracted from the experimental results in (e) (8.5 m{2) and (f) (13.5 m{2).
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exceeds ~90°. The decrease of the signal at large B
(>100 mT) is associated to spin dephasing. In contrast
to the standard SHE detection [7, 11, 12, 14—16], the
FM electrodes do not rotate as the magnetic field is
swept, therefore the signal is not saturated to a finite
value and approaches to zero instead.

As discussed previously, in the ISHE measurement
the spin current injected into graphene is detected by
measuring the resulting Visyg, and associated Rysyg,
in the Pt wire. In the direct SHE, the spin current is
injected into graphene by passing an electrical cur-
rent [ in the Pt wire. It is then detected by measuring
the voltage Vs between the FM electrode and the Pt
wire located far from the injection point, from which
the spin Hall resistance Rsyg = Vspe/I is obtained. Fig-
ure 2(e) demonstrates that Rsyg = Rispg, as expected
from the Onsager symmetry relations [ 1,7, 10, 11].

An additional confirmation of the spin-related
origin of the signal is shown in figure 2(f). Here, Risyg
is recorded before and after the magnetization of the
injector is reversed with an in-plane magnetic field.
Because the spin Hall voltage is proportional to j, x s,
changing the orientation of the magnetization of the
injector, and thus of the injected spins, directly modi-
fies the detected voltage. As expected from a signal gen-
erated by spin currents, reversing the magnetization
results in an inverted Risye.

Remarkably, the signal magnitude in our devices
based on monolayer graphene can exceed 10 mS?2,
which is two orders of magnitude larger than the maxi-
mum reported value in metallic systems, even at cryo-
genic temperatures [ 14—16].Such an increase is crucial
to fully characterise the spin precession and determine
the spin-dependent parameters in these type of struc-
tures at room temperature. The enhancement in com-

4
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Figure 3. Spin valve measurements performed in device
oneat Vg = 0in the zones with and without the Pt wire. The
channellengthsare L = 7 ym (black) and L = 8 um (red).
The black curve is the spin valve signal (=8 (1), measured

in the zone without the Pt wire. The sharp variation in the
resistance corresponds to the magnetization switching of

the ferromagnetic electrodes. The spin valve measurement
performed in the zone with the Pt wire (red curve), displays a
flat signal with a noise level ~10 m{2 (see inset), indicating that
nearly all the current is absorbed by the Pt wire. Verification of
good performance of all the interfaces is done by measuring
the ISHE signal with the ferromagnetic contacts used for
injection and detection in the spin valve measurements.

parison with metallic systems originates from the large
spin injection achieved with resistive barriers and the
reduction of the current shunting through the chan-
nel. Indeed, SHE detection using tunnel barriers has
only been implemented using Al as a spin channel [7],
where the high spin polarisation (p = 0.28) and effi-
cient spin injection permitted the determination of the
spin Hall angle of Al (afis ~ (1 — 3) X 107%), which
is two to three order of magnitude smaller than typi-
cal values reported for Pt [1]. Direct verification of the
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experimental resultsin (a) and (b).
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Figure 4. Inverse spin Hall measurements performed at V; = —20V in device one ((a), (b)) and device two (c), which is fabricated

in the same graphene flake and has a larger Lgyg = 6.1 zm. The precessional method proposed in this work is used in (a) and (c)
while the standard rotation of the magnetization injector is used in (b). The spin lifetime 7; and spin Hall angle ooy are extracted
by fitting the data to a spin-diffusion model as described in the main text (blue curve). The dashed red lines in (b) indicate the
saturation of the spin Hall signal, whose amplitude is ~ 13 m2. A background signal of 13.5 m{2 has been extracted from the

improved spin injection in our system has been done
by calculating the spin current density at the injec-
tion point and comparing it with metallic systems.
The current shunting through the channel is strongly
reduced because the spin resistance of graphene
(AGRsq(Ws) ™' & 4.2kQ) is much larger than the one of
platinum (pp Ape(WpeWs) ' 22 0.01 Q) [37]. This fea-
ture can be important for an accurate extraction of the
spin Hall angle since here all the current contributes to
the ISHE signal, which is not the case for metallic sys-
tems. Note that the distance Lgyg from the Hall cross
to the injector is chosen so that significant precession
is achieved at moderate B; larger Repg by a factor two
or more can easily be achieved by reducing such a dis-
tance, as it is done in metallic systems.

In order to quantitatively describe the results in
figure 2, we develop a model based on one-dimen-
sional diffusion equations in analogy to the model
used for spin accumulation at a remote FM detector
(equation (1)). Assuming that the spin current in Pt
flows perpendicular to the Pt/graphene interface, the
resulting Vsy can be expressed as:

_ _
_ PIpLspepiQSiE ! eXp( Am)

VsHE
Whiti e
PttPt 1 -+ exp( )\Pl)
o P(t) . t
X f ) sin(wrt) exp(—)dt (2)
0 Ts

where p, Apy, fp, Wpe and akyp are the electrical
resistivity, spin relaxation length, thickness, width
and spin Hall angle of Pt, respectively. Equation (2)
is derived by assuming complete absorption of
the spin current in the Pt wire, as described in
the supplementary information (stacks.iop.org/
TDM/4/041008/mmedia). This assumption is
supported by spin absorption experiments in which
the spin signal is measured in a nonlocal spin device
with the Pt wire inserted between the spininjection and
detection electrodes. As observed in figure 3, we find
a completely flat Ry versus in plane magnetic field.
As a comparison, the spin signal of a reference device

with no inserted Pt wire is also shown. Considering
the noise level as an upper bound for ARy, it is found
that ARy <10 m{2, almost three orders of magnitude
smaller than the value found in the reference device,
ARNL ~ 8.

Equation (2) mainly differs from the standard
Hanle result, equation (1), in the sinusoidal depend-
ence on B in the integrand, which originates from
the j, x s cross product. The sine factor is responsi-
ble of the antisymmetric behaviour of Vgyg versus B
observed in the experiments, as well as the extrema at
the average precession of ~ 90°.

The spin relaxation time of graphene and the spin
Hall angle of Pt can now be determined by fitting the
experimental data using equation (2). To this end, the
spin diffusion constant D and effective spin polarisa-
tion values p are extracted from the standard Hanle
analysis in the same device (shown in figure 2(d)).
The values of p = 46 p Qcm, tpy = 12 nm, Wp, = 150
nm and Lgyg = 4 pm are all measured, whereas only
Apt = 5nm is taken from the literature, roughly corre-
sponding to the average value at room temperature for
Pt with similar resistivity [1]. With these assumptions,
we obtain 7; = (230 £ 25) ps, which is in good agree-
ment with the value from the standard Hanle analysis,
7. = (195 £ 5) ps. Because the spin precession line-
shape is identical to that when spin absorption is not
taken into account, this verifies that the effective 7; is
not significantly affected by spin absorption [25] (see
supplementary information).

Interestingly, cvepye = 0.150 = 0.005 is significantly
larger than the largest values reported in metallic sys-
tems with comparable p, oy = 0.085,and close to the
assumed values in multilayer graphene/Pt structures
oerp = 0.234 £ 0.025 [37], as extrapolated from the
results obtained in low resistivity Pt [16]. However, the
resistivity of Pt in our device is significantly smaller
than that in [37], p = 134 £ Q2 cm, and thus the large
oerg is unexpected [16].

In order to go beyond this analysis and confirm our
results, we perform complementary experiments using
the standard SHE detection [7, 12] and investigate
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Figure 5. Gate dependance of the SHE signal and comparison with standard Hanle measurements for device three. (a) Spin Hall
measurements at gate voltages V; = —15V (green),—12V (red) and —2V (blue).(b) Hanle measurements obtained for V; = —15V
(green),—5V (red) and +0.5V (blue). The gate voltage in the left and right panels represent measurements away from (V; = —15V)
and near (V; = —2V) the charge neutrality point, respectively. Lspyg = 5 jum.

the carrier density dependence of agy in additional
devices. The standard SHE detection consists of using
the probe configuration shown in figure 2(b) with an
in-plane magnetic field along the channel axis. In this
configuration, Risyg follows a linear dependence at
low magnetic field, which results from the dependence
sin(6) on the rotation angle 6 of the FM towards B [7].
At large enough B, Rigp saturates when the magneti-
zation rotates 90° and is parallel to B. The results are
shown in figure 4(b) and demonstrate that saturation
is reached at 2 170 mT. The extracted spin Hall angle
with this approach is gz = 0.15 + 0.01, which is in
excellent agreement with the previous analysis.
Figures 4(c) and 5 display Risyg versus B in devices
two and three respectively. Device two is fabricated in
a different region of the graphene flake used for the
device in the prior discussion. Experimental results
are shown in figure 4(c). The magnitude of Rgyg is
smaller than in, for example, figure 4(a) because of
the longer graphene channel Lgyg = 6.1 pm. Using
equation (2) results in 7; = (260 &£ 50) ps, which is
in good agreement with the values obtained from
the standard Hanle analysis 7. = (195 %+ 5) ps. The
extracted spin Hall angle is abiz = (0.08 & 0.01).
Figure 5 shows the spin Hall and corresponding Hanle
measurements for a third device, where Lgyg = 5 pum.
The measurements are carried out at the indicated
gate voltages to show their carrier-density depend-
ence. Rgyp is observed to reach a minimum at the
CNP, as commonly found in standard Hanle meas-
urements. The diminution of Rsyg as V,, approaches

the CNP is due to the decrease in 7; combined with
the conductivity mismatch effect expected for pin-
hole-like barriers and transparent interfaces, where
the signal scales with the conductivity of the channel
[25]. Using equations (1) and (2) for the Hanle and
spin Hall measurements, respectively, confirms the
equivalence between the approaches to obtain 7;. The
extracted spin Hall angles are agyyy = (0.13 % 0.02) for
Vg = —15V, agyp = (0.13 £ 0.02) for V; = —12V and
asiip = (0.19 £ 0.06) for V = —2V, which within the
uncertainty of our measurements is gate independ-
ent. The estimated oty obtained in the three devices
is therefore in the range of 0.08-0.15.

To calculate oty we have taken the geometric
mean of the polarization of two ferromagnetic elec-
trodes to estimate p, and have assumed Ap; = 5 nm,
which is roughly the average of the values found in the
literature [1].1f \p, was larger than 5 nm, a;z would be
somewhat overestimated by a few percentage points.
However, recent experiments report Ap; significantly
below 5nm for the resistivity of our Pt films [16]. If
we take \p = 1 nm, ajy; would be underestimated by
more than a factor 2. A larger p of the injector electrode
would lead to an overestimated cverg, however, this is
unlikely because p in all our devices consistently lies
between 0.12-0.16. Furthermore, 5 samples have been
measured and from all of them we extract a large iy
In addition, our model considers that the spin current
that arrives to Pt is fully absorbed by it. The lack of
spin signal in the control spin absorption experiments
(figure 3) validates this assumption. In any case, inter-
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face-driven spin relaxation or spin current flowing
into the graphene towards the detector would make
the actual spin current in Pt smaller, again underesti-
mating ok Therefore, our results suggest that obig
is larger than that observed in metallic systems with
comparable Pt resistivities.

4. Conclusions

A two-order of magnitude enhancement of the spin
Hall signal in graphene/Pt devices is observed when
compared with their fully metallic counterparts.
The enhanced signal allows us to characterise
spin precession in graphene under the presence
of a magnetic field. By developing an analytical
model based on the 1D diffusive spin-transport, we
demonstrate that the effective spin relaxation time
in graphene can be accurately extracted using the
(inverse) spin Hall effect as a means of detection. Good
agreement is observed with the spin relaxation times
obtained with standard Hanle measurements, based
on the detection of spin accumulation away from Pt.
This is relevant since a change in the spin relaxation is
typically not taken into account in the standard spin
Hall experiments [12], where the spin lifetimes are
assumed from control experiments.

The enhanced spin Hall signalis due to the efficient
spin injection into graphene in combination with a
current shunting suppression and a consistently large
spin-to-charge conversion, as reflected in the large
spin Hall angle. In multilayer graphene /Pt devices, a
similar enhancement was attributed to the suppressed
shunting and the long spin relaxation length of mul-
tilayer graphene, relative to that in metallic channels
[37]. However, the change in spin relaxation length
can be overcome with suitable device design by simply
adapting the spin channel length Lgyg. Indeed, devices
with metallic systems have Lgyg~ 0.5 pm, which
is of the same order of magnitude that, for exam-
ple, the room-temperature spin relaxation length of
Cu, a common material used for nonlocal spin Hall
detection [1]. Because in our devices A\; < Lsyg, the
longer spin relaxation length of graphene A, cannot
play a central role. The shunting effect is very sensi-
tive to geometrical dimensions. Typical values of the
shunting reduction factor for the devices with the
largest spin-to-charge conversion are about 0.2-0.3
[1, 15], thus current shunting can account for a fac-
tor 3-5 when comparing with those devices. Finally,
our experiments suggest that the effective spin Hall
angle significantly exceeds those obtained in fully
metallic systems, which could indicate the presence
of interfacial spin—orbit effects between graphene
and Pt that are not taken into account in our analysis.
Indeed, a significant modification of the spin struc-
ture and an enhanced induced spin—orbit splitting
of the graphene on Pt were recently reported [38].
However, further experiments are required to estab-

P Letters

lish the presence of interfacial effects, in particular to
address sample to sample variability associated to the
effective polarization of the ferromagnetic electrodes
and the dependence of the spin Hall angle with the Pt
thickness.
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