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S1: Comparison of Fe3;Sn, thin films with and without

Ta seed layer.

In Fig S1(a), we show the GI-XRD measurements from Fe3Sn, thin films with (green sym-

bols) and without (black symbols) Ta seed layer. Both the samples show identical Bragg

peaks from both FM (red) and AFM (green) phases. In Fig S1(b), VSM measurement shows

that in both with and without Ta seed layer samples shows the 50% reduction of saturation

magnetization Mg compared to Pt seed layer samples. Both XRD and VSM measurements

indicate that the growth of FesSn, with and without the Ta seed layer leads to a reduction
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Figure S1: (a) GI-XRD pattern of FezSny thin film (70 nm) deposited with (symbol: open
green circle) and without (symbol: filled triangle black) Ta seed layer. (b) The room tem-
perature magnetization curves for FegSny thin film (70 nm) with and without Ta seed layer.

of Mg from bulk value due to additional formation of AFM phase along with FM phase.
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S2: Atomic force microscopy analysis.

In Figure S2(a,b), we show two-dimensional AFM morphology of FegSny thin films with Ta

and Pt seed layer deposited on Si/SiO, substrate. We found that a bit larger root mean

Pt

rs ~ 3.9 nm) roughness in Pt/Fe3Sny thin film samples could be originated from

square (r
large size of FM grains. However, Ta seed layer based FezSns thin film sample shows smaller

(rfa =~ 0.5 nm) roughness.

S3: Temperature dependent magnetization measurements.

In Figure S3(a, b) shows the in-plane magnetization hysteresis loop for Fe3Sny thin film at
various temperatures with Ta and Pt seed layer samples. Saturation magnetization increases
monotonically with the decrease in temperature, from which the Mg-T plot data shown
in Fig. 4(b) of the main text is extracted. We also observed a larger coercivity field (at
all measured temperatures) for Ta/Fe3Sny compared to Pt/FesSny as shown in Fig S3(c).
However, a smaller value of Ho = 42.5 mT even at 10 K for Pt/Fe3Sny sample could be an

indication of less number pinning sites at the grain boundaries consistent with SEM results.
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Figure S3:  Temperature-dependent magnetization curves for (a) Pt/FesSny and, (b)
Ta/FezSny.  (c) The behavior of coercive field H, as a function of temperature for both
the samples.

S4: Micromagnetic simulation.

In order to understand the dependence of magnetic properties in mixed-phase Ta/Fe3Sny
thin films, we micromagntically simulate these polycrystalline films with different FM grain
percentages created with the help of Voronoi tessellation. Based on the experimental (XRD
& M-H) results, we assumed that Pt seed layer gives rise to pure FM (Fe3Sny) phase, whereas
Ta seed layer leads to a mixed phase of both FM and AFM phase. Therefore, we considered
Pt seed layer Fe3Sny with 100%-FM (0%-AFM) grains and Ta seed layer FesSny with 50%-FM
(50%-AFM) grains. Here, we performed the simulation using Mumax?®[Ref.!] software and
the material parameters of FezSny were set as A., = 14 pJ/m and K, = 53 kJ/m32 . We set
a cuboidal geometry (4 um x 4 pm x 4 pm) using a mesh cell size (8 nm x 8 nm x 8 nm) such
that the cell size should not exceed exchange length (I, < 8.4 nm). Here, for simplicity, we
consider the magnetization dynamics in 2D system considering one cell along the thickness.
However, for a 3D system, it will be trivial to design and understand the dynamics in the
polycrystalline phase of ferromagnetic domains. In this simulation, time-dependent reduced
magnetization (m = M /M), we only incorporate Landau-Lifshitz torque term and Gilbert’s
damping torque (77r) term.

om
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Figure S4: Micro-magnetically simulated magnetization curve for 100% FM domains
(Pt/FesSny) and 50% FM domains (Ta/FezSns). On left hand side, Symbol ’a’,’b’,’¢’” and,
'd” shows the saturation field (= +3 T) for both the cases. On right hand side, shows
the snapshots of respective y component of magnetization (M,/Mg) for both the cases at

(~ £0.3 T).

where v and « are the gyromagnetic ratio of electron and dimensionless damping constant,
respectively.

In Fig. S4, we show simulated magnetization loops for magnetic fields of -0.3 T to +0.3 T
to-gather with experimental data. Symbols show the experimental values obtained from the
VSM measurement technique, whereas solid line shows the simulated values. We obtain
excellent agreement of both saturation magnetization, Mg and coercivity field (H,.) by as-

suming that Ta/FezSny has 50 % FM phase and 50% AFM (zero net magnetization) phase.

S5: Composition analysis.

Figure S5 (a, b) shows the energy dispersive X-ray (EDX) analysis spectrum for the elemental
and composition analysis of Fe and Sn atoms in FesSny with seed layer (Ta, Pt). The atomic

and weight percent of these two elements are summarized in Table S1 for Pt/FesSn, and
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Ta/FesSny thin film, respectively.

Table S1: Element and composition analysis.

Sample Element Weight % Atomic %

(@)

(b)

Figure S5: EDX spectrum of Fe, Sn, Pt and Ta in (a) Pt/Fe3Sny and (b) Ta/Fe3Sny thin

films.
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S6: Roughness improvement by combining Ta/Pt seed
layer.

As discussed in supplementary section S2, the Pt seed layer results in an increase in the root
mean square (RMS) roughness of the Pt/FesSny thin film. However, the Pt seed layer is
critical in the formation of pure ferromagnetic phase. Furthermore, we found that by using
a Ta seed layer, the RMS roughness is reduced to < 1 nm. Hence, to achieve a ferromagnetic
phase with low roughness, we have grown FezSn, thin films with a seed layer consisting of
Ta(1.5 nm)/Pt(5 nm). The RMS roughness is found to be reduced with the Ta/Pt seed
layer. For a 70 nm-thick film, the RMS roughness is ~ 1.6 nm as shown in Fig. S6 (a). We
also found a further reduction of the RMS roughness down to ~ 0.4 nm for a 20 nm-thick
film, as shown in Fig. S6 (b). These results demonstrate that a Ta/Pt seed layer helps in

the growth of a pure ferromagnetic phase of Fe3Sny with reduced roughness.

Figure S6: (a) Atomic force microscopy images for FezSny thin films with Ta/Pt seed layer
for a scan area of (5 pm x 5 pm) for thicknesses of (a) 70 nm and, (b) 20 nm measured at
room temperature.
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