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Device Preparation

The devices are prepared in a similar fashion as the onesilsddy Tombros et aflt,although
a few changes were made in order to avoid degradation of @lr t@sistive contact barriers.
First a 1um thick lift-off resist (LOR) film is spin-coated on a Si/Si@600 nm) substrate and the
graphene flakes are exfoliated on top. Single layer flakethareselected by optical contrast using
a green filter>2 For the electron beam lithography (EBL) process, to imprbeaindercut, we use
a double layer Polymethyl methacrylate (PMMA) 50/410K sesdissolved in chlorobenzene and
o-Xylene respectively. These solvents are used to prefenteémoval of the LOR film during
spin-coating. The contacts are then patterned and dexklopeXylene (20 C).

Using an electron beam evaporator with a base pressure thee8x 10~/ Torr, we deposit
0.4 nm of Aluminium followed byin-situ oxidation by pure Oxygen gas at a pressure higher than

1 x 102 Torr for 15 minutes and the chamber is pumped down to thealrbise pressure. This
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process is performed twice in order to get contact resisahgher than 10®. After the high
resistance barriers are deposited the chamber is pumped tdave initial base pressure and 60
nm of Cobalt is evaporated. For some of the studied sampldssnvork the electrodes were
capped by 3 nm of AlO3 to prevent Co oxidation. The lift-off is done in hot (7€) n-Xylene.

To suspend the graphene flakes a second EBL step is perforniednviarea dose of 510
uClen? and developed in 1-methyl 2-propanol. It was found that & sample is immersed in
Ethyl-lactat as described by Tombros ettahe AlOx barriers degrade, causing a very large in-
crease in the contact resistance and loss of the spin-sigifigr this final process the sample is
bonded and loaded in a cryostat which is pumped down to a bassyse lower than & 106

Torr.

Current annealing

After the sample is loaded in the cryostat and characteri@edoerform a current annealing step
to remove the impurities in the graphene flake and obtain b mgbility device. The whole
procedure is carried at 4.2 K.

To avoid degradation of the electrodes used for spin irgaddietection, we apply the large
DC bias for the current annealing in the two outer electr@edepicted in Figure 1. The contact
resistance of the inner contacts were measured before serdtlaé current annealing step and
showed no noticeable change.

We use a DC current bias-voltage compliance procedure fotlwa power in our devices and
avoid them to burn. The current is ramped up slowyl( uA/s) until a determined value and then
rapidly ramped down, at a rate 4 times faster than the ramypnd\fter each sweep in current we
check the gate-voltage dependence on the sheet resistakeep track of the device’s mobility.
For our samples, this current annealing procedure had assicate of about 33% (4 out of 12
regions showed high mobility), comparable with our pregisasults' One of the regions was

current annealed twice. The first procedure resulted in alityobf 1 ~ 10° cm?/Vs, and after the



Figure 1: Top: A SEM picture of a typical device showing theesmatics for the current annealing
setup. On the left of the picture it can be seen two regionsuspanded graphene flake, the
outermost left successfully cleaned. On the right it cand@ndwo broken regions due to failing
in the current annealing procedure. The scale bar measyras Bottom: A cartoon illustrating

the current annealing setup for comparison.



second current annealing the mobility was improveg ts 3 x 10° cn?/Vs. Despite performing
spin-transport measurements in this sample, we also @uata@pin signals in another sample with

similar properties.

Details on the ssmulation

To represent our sample we extended the 1D model by Popietai¢ to include three different
regions: two semi-infinite outer parts of width W sandwichione inner part of length L and
width W. In this model we solve the stationary Bloch equatitorsthe three components of the

spin accumulationis(x) in the presence of a magnetic fiedd
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whereDs is the spin diffusion constants is the spin relaxation time and= gu,h* is the gyro-
magnetic ratio. All the parameters of the equation abovebeaset separately for each of the three
regions, but for simplicity we make the two outer regionsitileal. For the boundary conditions

we take:
1. ps(x=+o0) =0
2. Ps(x=04) = ps(x=0-)

3. Ps(x=Ly)=ps(x="L-)

oW dis(x=0-) _ gW dl-ls(x—o-‘r) ps(x=0)
4. B - Se dx ée + 2eR1

o AL _ g dslLe) . psld)
5. 0= 2e de Se ) =+ ZeRcz

wheref3 = % for the x component ofis and3 = 0 for the y and z components, withbeing the
spin polarization of the charge currdninjected in the left boundary. The contact resistance of
the contact at the left (right) boundary is representefy.»), and the conductivity of the inner

(outer) regions by o). The contact induced spin relaxation is represented bytitedrm of items
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4 and 5% although contact effects were found to be negligible for msults when we consider
values obtained experimentally in our samples.

We have to study the effect of four different parameters: gjhi@ diffusion constant®; and
Do, and the spin relaxation times and 1., where the subscripts "i" and "o" refer to the inner
and outer regions respectively. In this analysis we kepttraluctivities of the inner and outer
regions fixed at:o; = g, = 1073Q~1. In order to be able to observe the effect of each one of
the parameters separately we calculated several Hanlegsiea curves keeping three of them
constant and vary the remaining one. The simulated prexessrves for a few sets of parameters
are depicted in Figure 2. These curves were then fitted usegdlution for the Bloch equations
in a homogeneous system, like we fit our experimental restt®m these fits we obtain an
"effective” spin diffusion constarid+j; and relaxation timeyj; as shown in the main manuscript.
We also tried to fit our experimental data with the curves wefigen our model, but it lead to
similar results to the ones obtained using the solution fboaogeneous system. It is worth
noting that when we compare the curves in Figure 2a, we obdkat in the case of changimy,
the obtained precession curves change in magnitude buth sbape. This means that we do not
observe any change in the values obtainedXgy or 7¢i;. On the other hand, analyzing Figure 2b
we see that changes i does not only change the magnitude of the spin signal butlaésshape
of the curve, which results in changesDni; with changes irD;. A similar effect is observed in

the analysis of Figure 2c and Figure 2d.

The effect of the sheet resistance on the Hanle precession

The same way as we can change the values for the spin diffasifficients and relaxation times
for the inner and outer part®§, Dj, T, andT;) keepingo; and g; fixed, we can also change the
values for the square resistances of the inner and outeme; = o(l andR,0; * respectively.
By applying the same procedure of generating a Hanle presessirve and fitting it with the

homogeneous model we can extract the effective spin rétextime 7ty and the effective spin
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Figure 2. The calculated Hanle precession curves for @iffevalues of (d),, (b)Dj, (c)1, and
(d)1;, while keeping the other parameters fixed.



diffusion coefficientD¢j;. The results for different combinations Bf and R, are presented in

Figure 3 below.
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Figure 3: The results obtained fbr;j; and 1¢j; for changing (ag and (b]R,. The outer or inner
sheet resistance was kept at 8 kvhile the other was changed. The values for the diffusion
coefficients and spin relaxation times aibg=0.01 nt/s, D;=0.1 n?/s, 1,= 200 ps and;j= 1 ns.

As it can be seen in Figure 3 (a) and (b), the conclusions mddtiain our main text thaD ¢j;
is determined mainly by the inner region angl by the outer region remain unchanged when we

consider resistances in the range of those we encounteriggueally (1 to 5 K2).
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