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Fe-Pd based thin films with Au intermediate layer fabricated on different substrates (SiO2 , 
SiO2/Mo, SiO2/W) were investigated at annealing temperatures up to 460 ◦C. The samples were 
deposited by magnetron sputtering and were post-annealed in vacuum. The ongoing processes 
were investigated by chemical depth profiling and X-ray diffraction. The experimental results 
showed that the intermediate Au layer always promoted the formation of FePd3 phase which also 
showed L12 ordered structure except in one case with W underlayer. However, in the samples 
with Mo buffer but without the Au interlayer the FePd phase formed and L10 ordered phase 
also appeared for one stacking order. Considering the low diffusivity arising from the annealing 
temperature the processes were explained by grain boundary diffusion induced reaction layer 
formation. The formation of the ordered FePd phases was interpreted by the stress accumulation 
due to the different diffusivity of the components, which relaxes by the shift of the grain 
boundaries and the transformation of swept over regions. It was concluded, that the effect of 
the Au interlayer is dominant over the effect of the Mo or W buffer layers.

1. Introduction

Fe-Pd thin films are promising materials since they are characterized by favourable magnetic properties making them suitable 
for technical applications like magnetic recording or spintronics [1–3]. These properties, like high saturation magnetization, high 
magnetocrystalline anisotropy and coercive field are usually related to the crystallographic structure i.e. the presence of an ordered 
L10 phase. From this group of magnetic materials the Fe-Pt is far the most investigated, but the Fe-Pd based system is also interesting 
and important since it could be used to cost effectively produce suitable layers.

There are several possible ways for producing the tetragonal ordered phase in Fe-Pt, e.g. bi-/multilayer deposition or codeposi-

tion on different substrates [4], applying heated substrates during deposition [5], high temperature annealing after deposition [6], 
annealing in different atmospheres [7], utilizing buffer and seed layers [6,8–10], or adding a third component to the system [11–14]. 
All of the processes listed above can promote the formation of the ordered phase and can even reduce the formation temperature of 
it.

Similar approaches have also been investigated in Fe-Pd. Layer deposition on heated substrates and/or performing high tempera-

ture post-annealings can lead to the formation of the L10-FePd phase [15–17]. Bahamida et al. [16] investigated the transformation 
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of Fe56Pt44 alloys at 550 ◦C and have found, that although the transformation is relatively rapid at this temperature, the further struc-

tural evolution of the ordered phase has significant impact on film properties. Layer deposition at 200 °C and then post annealing at 
600 °C resulted in the formation of the ordered L10 phase [18]. Utilizing different buffer layers can also enhance the formation of 
L10-FePd phase and decrease the formation temperature [19–22]. Chang et al. have found [19] that W underlayer on glass substrate 
has promoted the formation of ordered phase in 50 nm FePd films. Li et al. applied Ag as underlayer [21] for a multilayered Fe/Pd 
thin film on glass substrate. They have found that the ordering temperature was reduced. However, in this case the underlayer was 
not inert, as the Ag diffused into the film which effectively promoted the formation of L10 ordered phase.

Deposition on suitable oriented substrates can also be used to form ordered FePd phase [23]. It has been found that formation 
of the L10 phase is significantly promoted when an amorphous CoFeB intermediate layer is inserted between the FePd layer and the 
MgO substrate [24]. Wang et al. [25] have found that the applied buffer layer can influence not only the forming phase but also 
the magnetic properties of the material. They observed that application of Ir, Cr/Ir, Cr/Pt, Cr/Rh or Cr/Ru buffer layers inserted 
under FePd films can induce the formation of ordered L10 phase during annealing while Mo/Ir underlayer does not. Annealing in 
atmosphere containing H2 also influences these processes and results in improvement of magnetic properties [26–28].

Addition of a third component can also be an effective way to produce the ordered phase [21,23,29–34]. Polit et al. discussed the 
effect of Cu on the formation FePd phase [30]. They have post-annealed {Cu/Fe/Pd}×5 multilayer thin films at high temperature 
with rapid thermal annealing. It was found that ordered ternary FePdCu alloy formed and they could also improve the (001) texture 
with additional annealing. Perzanowski et al. have investigated Cu/Fe/Pd multilayers annealed by rapid thermal annealing and by 
conventional long annealing on various substrates [32]. They have found, that FePd:Cu thin alloy films formed and the MgO(100) 
and Si(100) substrates were the most suitable for ordered and (001) textured films. The same authors also applied pulsed laser 
annealing to Cu/Fe/Pd multilayers [33], which led to formation of partially ordered FePdCu nanocrystallites. Myagkov et al. [31]

have investigated the effect of a thick Ag interlayer. They have found that the presence of Ag enhanced the formation of the ordered 
L10 phase, despite the thickness of the Ag layer. Tokuoka et al. have also investigated the effect of Ag [23] with 5 nm FePd/Ag 
and FePt/Ag films grown on MgO(001) substrate. They have found, that FePt and FePd behave differently, as in case of FePt the 
Ag addition effectively promoted the L10 ordering, while in case of FePd the effect was smaller. Zhang et al. found [34] that an Ag 
toplayer on FePd thin film effectively promotes the transformation from disordered fcc to ordered fct structure.

It is an interesting and from practical applications point of view also important question whether the formation of ordered 
L10-FePd phase can be achieved at lower temperatures. In this paper we have investigated the effect of Au interlayer, and also the 
effect of non-interacting Mo and W buffer layers on the formation of new phases in Fe/Pd thin films at relatively low temperatures. 
The aim is to determine whether an Au interlayer or Mo and W buffer layers are suitable to promote the formation of the magnetically 
favourable L10 FePd phase.

2. Experimental

Three-component layered films were prepared by DC magnetron sputtering on thermally oxidized Si/SiO2(100 nm) substrates at 
room temperature using individual Fe, Au and Pd targets. The deposition rate was 0.1 nm/s for Fe, and 0.12 nm/s for Au and Pd. 
The nominal structure of the samples were the following (Fig. 1):

S1 (Fig. 1a): SiO2/Fe(15 nm)/Au(10 nm)/Pd(22 nm)

S2 (Fig. 1b): SiO2/Pd(18 nm)/Au(10 nm)/Fe(15 nm)/Pd(4 nm)

The thickness of Fe (15 nm) and Pd (22 nm) results in a nominal composition of 45 at% Fe and 55 at% Pd, considering only Fe 
and Pd, which falls into the existence range of the FePd phase.

We have also fabricated samples with and without Au interlayer using a 20 nm thick sputter deposited Mo buffer layer on top of 
Si/SiO2 as substrate. The deposition rate of Mo was 0.13 nm/s. The nominal structure of the samples were (Fig. 1):

S3 (Fig. 1c): SiO2/Mo(20 nm)/Fe(15 nm)/Pd(22 nm)

S4 (Fig. 1d): SiO2/Mo(20 nm)/Pd(18 nm)/Fe(15 nm)/Pd(4 nm)

S5 (Fig. 1e): SiO2/Mo(20 nm)/Fe(15 nm)/Au(10 nm)/Pd(22 nm)

S6 (Fig. 1f): SiO2/Mo(20 nm)/Pd(18 nm)/Au(10 nm)/Fe(15 nm)/Pd(4 nm)

In case of sample S2, S4 and S6 the Pd layer was divided in two in order to provide a thin Pd cap layer to reduce the oxidation 
of the Fe. The overall composition were the same for the S1-S2, S3-S4 and S5-S6 pairs, respectively. Samples S5 and S6 were also 
prepared in a variant using W as buffer layer. The samples were annealed in high vacuum (10−7 mbar). During annealing the samples 
were heated up to the desired temperature with a heating rate of ∼20 °C/min. At the end of the heat treatment the system was let 
cool down under vacuum without external control with a cooling rate of ∼15 °C/min in the first 150 °C temperature drop. It is 
important to note that each annealing was performed on an as deposited sample and the annealings are not parts of a sequence 
carried out on the same sample. In order to investigate the ongoing diffusion processes and the evolution of depth distribution of 
the components chemical depth profiling was performed on the as deposited and post annealed samples using Secondary Neutral 
Mass Spectrometry (SNMS, INA-X from SPECS GmbH) in direct bombardment mode. The source of the bombarding ions was a RF 
2

Ar plasma and the sputtering area was 3 mm in diameter. The measured intensity profiles were converted into composition profiles 
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Fig. 1. Schematic drawings of the nominal structures of the as deposited samples.

Fig. 2. Composition depth profiles of the SiO2/Fe(15 nm)/Au(10 nm)/Pd(22 nm) (S1) sample after various annealings.

assuming linear dependence of intensities on concentration under stationary sputter conditions. Structural properties were studied 
by X-ray Diffraction (XRD, Rigaku SmartLab II) in 𝜃 − 2𝜃 geometry using Cu K𝛼 radiation.

3. Results

3.1. Effect of Au interlayer

In case of the S1 and S2 samples we have carried out 1 h isochronal annealing at 350 ◦C, 400 ◦C and 460 ◦C and also isothermal 
annealing at 460 ◦C for 1, 24 and 72 h. Considering the volume diffusion coefficients of the components at these temperatures volume 
diffusion is not expected. The composition depth profiles of the samples are shown in Fig. 2 and Fig. 3, while Fig. 4 and Fig. 5 show 
the corresponding XRD patterns for S1 and S2, respectively.

Looking at the depth profiles of the as deposited samples we can see that there are relatively sharp interfaces between the 
individual layers in case of both stacking order (Figs. 2a and 3a) corresponding well to the instrumental broadening of the technique. 
The XRD patterns show pure Fe, Pd and Au reflections (Figs. 4a and 5a). It should be noted, that the texture of the Pd and Fe layers 
differ in the two samples. While the Pd layer is not textured in case of S1 according to the intensity ratio of the Pd(111) and Pd(200) 
reflections, the S2 sample shows a preferred (111) orientation. Similarly the structure of the Fe layer also differs because Fe has an 
3

intensive (110) reflection for the S1 sample, but only a weak one in case of S2.
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Fig. 3. Composition depth profiles of the SiO2/Pd(18 nm)/Au(10 nm)/Fe(15 nm)Pd(4 nm) (S2) sample after various annealings.

Annealing at 350 ◦C for 1 h results in mutual penetration of Fe and Pd into each other through the Au layer for both samples 
(Figs. 2b and 3b). In case of S2 the intermixing is symmetrical; i.e. the Fe and Pd concentration is approximately the same and 
constant with depth in both layers (approx. 20 at%) and also in the Au layer. At the same time the Fe and Pd layers have the same 
Au content in the full thickness with minor Au segregation to the substrate. Contrary to this S1 shows less intensive intermixing: 
lower Pd and Fe content in each other than in S2 (approx. 12 at% Fe in Pd and somewhat less Pd in Fe) and in the Fe layer the Pd 
(and also the Au) distribution is not homogeneous. A plausible explanation for this is the different structure of layers as can be seen 
in the corresponding as deposited XRD patterns (Figs. 4a and 5a), which can change the possible diffusion pathways. XRD patterns 
of the first annealing step (Figs. 4b and 5b) show the disappearance of individual Fe and Au reflections and the presence of AuPd 
peaks. The difference in texture is also present in case of the freshly formed AuPd phases. While in S1 both the AuPd(111) and the 
AuPd(200) reflections appear, the S2 sample shows strong texture as only the AuPd(111) reflection is detected with much higher 
relative intensity compared to the Pd(111) reflection. In case of S1 the Pd reflections are also somewhat shifting toward to the right 
in direction of FePd phases (FePd and FePd3).

Annealing at higher temperature for the same duration (400 °C 1 h) the intermixing is more developed, the Au and Fe content of 
the Pd layer is increasing for both samples and also inside the Fe layer there is increased amount of Pd and Au. In case of sample 
S1 the Au and Pd content in the Fe layer are almost the same and both are decreasing with depth (Fig. 2c), similarly to the lower 
temperature annealing. In the reverse order S2 sample the Au, Pd and Fe content of each layer are still reasonably higher than in S1 
and the distribution of all diffusing species in the other layers is homogeneous (Fig. 3c) just like in the previous step. On the XRD 
patterns (Figs. 4c and 5c) we can see that in both samples the relative intensities of the AuPd reflections are decreased, in case of S1 
the originally present AuPd(200) is almost completely disappeared. The reflection close to 41° in S1 indicates the formation of FePd 
phases (Fig. 4c).

Annealing at 460 °C for 1 h results in intensive intermixing for both S1 and S2; the depth profiles (Figs. 2d and 3d) show almost 
homogeneous depth distributions of the components. The initial layered structure became almost undetectable in case of S2, although 
the Au depth distribution still suggests the position of the original Au layer. In contrast to this the Au depth profile of S1 shows two 
distinct regions corresponding to the original Pd and Fe layers with higher Au content at the place of the initial position of the Fe 
layer. At the same time on the XRD patterns only the reflections belonging to FePd3 phase are visible in both samples (Figs. 4d and 
5d). It should be noted that the FePd3 phase has a wide composition range, thus the indicated positions can change with composition 
and also because of the possible stress arising in the system. Additionally new peaks become visible on the XRD patterns. For both 
samples the FePd3(100) reflection appears indicating ordering of the FePd3 phase. In case of S1 the FePd3(110) peak also becomes 
detectable. It should be noted that the FePd3(100) reflection has lower relative intensity in case of the originally more textured S2 
4

sample.
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Fig. 4. XRD patterns of SiO2/Fe(15 nm)/Au(10 nm)/Pd(22 nm) (S1) sample after various annealings. The magnification of the insets is 10x.
5

Fig. 5. XRD patterns of SiO2/Pd(18 nm)/Au(10 nm)/Fe(15 nm)/Pd(4 nm) (S2) sample after various annealings. The magnification of the insets is 30x.
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Fig. 6. Composition depth profiles of the S3: SiO2/Mo(20 nm)/Fe(15 nm)/Pd(22 nm) and S4: SiO2/Mo(20 nm)/Pd(18 nm)/Fe(15 nm)/Pd(4 nm) samples.

In order to see how the structure develops upon longer annealings and to check the stability of the formed FePd3 phase, we 
kept the temperature at 460 ◦C and made isothermal annealing for 24 h and 72 h. The composition-depth profiles show that longer 
annealing results in the smoothing of the distribution of the constituents; i.e. the depth profiles become more homogeneous. The 
XRD patterns show the presence of FePd3 phase and also increasing intensity of the (100) and (110) FePd3 superlattice reflections 
which clearly indicates the presence of the ordered L12-FePd3 phase in case of both samples.

3.2. Effect of Mo buffer layer

It was found previously that in case of bilayered Fe/Pd samples fabricated on Si/SiO2(100 nm) substrate the FePd3 phase was 
formed after similar annealings [35]. In order to promote the formation of L10-FePd phase we have prepared bilayered samples using 
a 20 nm thick Mo buffer layer on top of Si/SiO2 substrate with the following structure (see also Experimental):

S3: SiO2/Mo(20 nm)/Fe(15 nm)/Pd(22 nm)

S4: SiO2/Mo(20 nm)/Pd(18 nm)/Fe(15 nm)/Pd(4 nm)

Annealing at 460 °C for 72 h was carried out on these samples to reach a well developed state. The depth profiles of the as 
deposited samples show well separated layers (Figs. 6a and 6c) and the XRD patterns (Figs. 7a and 7c) are also quite similar with 
reflections of Pd(111) and Pd(200), Fe(110) and Mo(110). The reflections of Pd show a heavily textured structure in both samples 
based on the intensity ratio of Pd(111)/Pd(200).

After annealing the depth profiles still show a layered structure, but with only two layers, since the annealing resulted in complete 
homogenization of the Fe and Pd layers while the Mo layer is practically unaffected as a consequence of very low diffusion coefficient, 
only a small amount of Fe and Pd appear in the Mo layer with minor Fe segregation to the layer/substrate interface. The Fe and Pd in 
the Mo layer should be located at the grain boundaries taking into account the phase diagrams and the low annealing temperature. 
Looking first at the XRD pattern of sample S4 the presence of the FePd phase is indicated by the detection of the FePd(001), 
FePd(111), FePd(200) and FePd(002) reflections. The appearance of the FePd(200) and FePd(002) reflections indicates tetragonal 
splitting. The presence of the FePd(001) reflection shows that the structure is also partially ordered in addition to the tetragonal 
6

transformation. This means, that in sample S4 an ordered L10-FePd phase has been formed. In contrast to this in sample S3 only 
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Fig. 7. XRD patterns of as deposited and annealed S3: SiO2/Mo(20 nm)/Fe(15 nm)/Pd(22 nm) and S4: SiO2/Mo(20 nm)/Pd(18 nm)/Fe(15 nm)/Pd(4 nm) samples. 
The magnification of the insets is 10x.

FePd(111) and FePd(200) reflections appear after annealing, the FePd(001) and FePd(002) reflection are not detected. Comparing 
the position of the (200) reflection of the formed phase with the pattern of sample S4 it can be concluded, that in S3 also the FePd 
phase forms, however for this stacking without ordering. In case of sample S4 we have performed shorter annealing for 8 h at 460 °C 
(not shown) where the composition depth profile was not homogeneous, but the XRD pattern already showed the appearance of the 
ordered phase.

Since the Mo buffer layer promoted the formation of the L10 ordered phase in case of Fe/Pd bilayers we have created samples 
using a Mo(20 nm) buffer layer and Au additive; i.e. we have combined the previous sample structures in order to check if the Mo 
underlayer also enhance the formation of the ordered FePd phase in the FeAuPd system. The nominal structure of these samples were 
the following (see also Experimental):

S5: SiO2/Mo(20 nm)/Fe(15 nm)/Au(10 nm)/Pd(22 nm)

S6: SiO2/Mo(20 nm)/Pd(18 nm)/Au(10 nm)/Fe(15 nm)/Pd(4 nm)

The samples were annealed again for 72 h at 460 ◦C. The corresponding composition depth profiles are shown in Fig. 8. The as 
deposited samples show a well resolved layered structure just as in the case of the previous samples (Figs. 8a and 8c). The annealing 
results in an almost completely homogeneous composition distribution with depth regarding of the Fe, Au and Pd components in 
both samples (Figs. 8b and 8d). The Mo buffer layer is only slightly affected similarly to the previous case, mostly Fe appears in the 
layer and the detected compositions in the Mo correspond to filling up of the grain boundaries. Additionally minor Fe segregation 
can be seen at the SiO2/Mo interface. The XRD pattern of the as deposited samples is shown in Figs. 9a and 9c, where reflections 
from Fe, Pd, Au and Mo appear. Looking at the XRD patterns of the annealed samples (Figs. 9b and 9d) formation of FePd3 phase can 
be seen in both cases, as indicated by the appearance of the FePd3 (111) and (200) reflections, while the reflections of the individual 
components vanish completely. Additionally for both samples the FePd3(100) and for S5 also the FePd3(110) superlattice reflections 
become detectable, indicating the formation of ordered FePd3 phase. It should be noted, that the (100) reflection is sharper and has 
higher relative intensity in case of S6 showing a more developed ordering state. The results show that while the Mo buffer layer 
alone promotes the growth of the FePd phase, combining it with Au interlayer results in formation of FePd3 phase.

In order to check if a buffer layer of different material can promote the formation of the FePd phase instead of FePd3 in 
the three-component FeAuPd system the Mo underlayer were replaced with a 20 nm thick W layer in S5 and S6. We have 
7

found (results not shown) after the same annealing that the W buffer layer stayed intact just as in case of the Mo buffer 
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Fig. 8. Composition depth profiles of the as deposited and annealed S5: SiO2/Mo(20 nm)/Fe(15 nm)/Au(10 nm)/Pd(22 nm) and S6: SiO2/Mo(20 nm)/Pd(18 nm)/

Au(10 nm)/Fe(15 nm)/Pd(4 nm) samples.

Table 1

Comparison of phases formed after annealing at 460 ◦C for 72 h. Samples marked with star (*) are 
from [35].

System SAMPLE STRUCTURE
Forming phase

A1-FePd L10-FePd A1-FePd3 L12-FePd3

FePd

SiO2/
Fe/Pd* ✓
Pd/Fe/Pd* ✓

SiO2/Mo/
Fe/Pd ✓
Pd/Fe/Pd ✓

FeAuPd

SiO2/
Fe/Au/Pd ✓
Pd/Au/Fe/Pd ✓

SiO2/Mo/
Fe/Au/Pd ✓
Pd/Au/Fe/Pd ✓

SiO2/W/
Fe/Au/Pd ✓
Pd/Au/Fe/Pd ✓

and it did not lead to different phase. We have detected FePd3 for both stacking orders, which was ordered only in case of 
SiO2/W(20 nm)/Fe(15 nm)/Au(10 nm)/Pd(22 nm).

The obtained phases after annealing at 460 ◦C for 72 h are summarized in Table 1. As it can be seen, in most cases the FePd3
phase is formed.

4. Discussion

An important common feature of all presented results is the full homogenization of the films despite the relatively low annealing 
temperature. At this temperature volume diffusion is essentially negligible, since according to diffusion coefficients [36] the volume 
8

diffusion penetration depth is below 1 nm at 460 ◦C for 72 h. This means, that the mixing of the layers and also the formation of 
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Fig. 9. XRD patterns of as deposited and annealed S5: SiO2/Mo(20 nm)/Fe(15 nm)/Au(10 nm)/Pd(22 nm) and S6: SiO2/Mo(20 nm)/Pd(18 nm)/Au(10 nm)/

Fe(15 nm)/Pd(4 nm) samples. The magnification of the insets are 30x.

the new (ordered) phases cannot occur by volume diffusion. This is also supported by the step-by-step results of S1 and S2, where 
in case of annealings at lower temperatures (for shorter times) it is visible in the depth profiles that the mixing of the films did not 
start from the interfaces and then gradually proceeded via reaction layer formation at the original interfaces to fully mix the system, 
but happened parallel in the whole thickness (volume) of the layers which is clearly different from the usual growth mode. This 
phenomenon was observed recently in several thin film systems, like AuCu [37,38], CuPd [39], FePt [12,13].

These observations can be interpreted by grain boundary diffusion and connected mechanisms. It is known, that during grain 
boundary diffusion the grain boundary can migrate, leaving behind an alloyed region. This phenomenon is called Diffusion Induced 
Grain Boundary Migration (DIGM) [40–46]. Since grain boundary (GB) diffusion is fast even at the investigated temperature, this 
explains why the mixing occurs in the whole thickness of the film.

Recently it was shown [43], that during DIGM in suitable materials in which ordered phases exist it can happen, that the alloyed 
region is not a solid solution of the mixed components, but ordered phases can also form. This is called Grain Boundary Diffusion 
Induced Reaction Layer Formation (GBDIREAC). This is a key phenomenon in the understanding of the observed low temperature 
formation of the L10-FePd and L12-FePd3 phases. At the beginning of the process the diffusing components migrate along GBs and 
accumulation at the interfaces and free surface occurs. These enrichments will themselves become diffusional sources which means, 
that there will be diffusion of atoms from both sides of each layer. This will lead to a close to homogeneous filling up of the layers 
with the atoms from other layers. The interdiffusion along GBs results in the formation of a stress field, which can stop interdiffusion 
or can be relaxed by the shift of the GBs. During this movement new phases grow along the GBs. This shift of the boundaries leads 
to the intermixing of the originally separated components and also to the formation of ordered phases if there is a suitable chemical 
driving force [43].

Looking at the detailed annealing steps of sample S1 and S2 the above interpretation can be adopted as follows. In the first 
annealing steps of S1 it can be seen, that the Fe and Au diffuse into the Pd layer and accumulate at the free surface of Pd. Together 
with this enrichment at the surface the Fe and Au almost homogeneously fill up the Pd layer. The Au layer is similarly filled up by Fe 
and Pd atoms. From the XRD patterns it can be concluded, that the Pd even forms an intermediate AuPd phase with the Au. In case 
of the Fe layer the Pd composition is not homogeneous as compared to the Fe composition in the Pd layer. This can be interpreted 
with the lower diffusion coefficient of Pd in the Au grain boundaries. In case of S2 the process is very similar regarding of the Pd 
and Au layers and the segregation (as a result of rapid diffusion along the fastest GBs) of Fe and Au at the film/substrate interface 
is clearly visible. Correspondingly the composition of Fe and Au is increasing in the Pd layer in its whole thickness just as in the Au 
layer since both layers have sources of diffusing atoms on both sides. Contrary to sample S1 in this case the Fe layer is also filled up 
9

similarly to the Pd layer. This is mainly the consequence of the Pd cap layer acts as a source of Pd from the beginning of the process, 
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thus although the diffusion of Pd is slower along the Au grain boundaries than that of the Fe diffusion, but this top layer echances 
the process of filling up the Fe layer. The difference in the Au distribution can be accounted to the difference in the layer structure 
as it can be seen from the XRD pattern of the as deposited samples. The process finally leads to consumption of the individual layers. 
Since the underlying process is grain boundary diffusion, the mixing of the layers and the formation of new phases can be understood 
by the aforementioned shift and migration of the GBs which then leave behind mixed regions with new, partially ordered phases. The 
same interpretation can be used for the diffusion processes in case of the other samples with Mo and W buffer layers. The effect of 
the Mo buffer layer on the two-component (Fe-Pd without Au interlayer) films is in accordance with previous results [20], where Mo 
buffer also promoted the formation of L10-FePd phase. This is plausibly the effect of the different lattice constant which introduces 
stress in the layers. Similarly to the FePt system [47,48] this can promote the ordering of the FePd phase. Differences in diffusion 
and stress effects are the plausible explanation for the effect of the Au layer which always promotes the formation of FePd3 phase. 
The diffusion of Fe and Pd through the Au grain boundaries are different as it was shown, which introduces an additional stress in 
the system. In this case because the inequality of the diffusion fluxes there will be tensile and compressive stress in the Fe and Pd 
layers, respectively. This effect of this stress dominates over the stress arised because of the different substrates.

It is worth comparing our results to those obtained in the FePt system. In case of the FePt system in a sample with almost 
equiatomic Fe and Pt content without additional components there are no reports on other than L10-FePt phase formation. Addition 
of Au to such almost equiatomic Fe/Pt thin film did not change this behaviour, only the formation temperature and other properties 
changed [13,14,47,49]. In contrast to this in case of the FePd system in a similarly fabricated close to equiatomic two-component 
system the FePd3 phase forms which is further promoted by the addition of Au; i.e. in samples with Au addition the formation of 
ordered phase takes less time as compared to the two-component system. As we have shown, introducing a Mo buffer layer effectively 
promotes the formation of FePd phase in case of two component samples (samples S3 and S4) which is even ordered for one stacking 
order (sample S4). Comparing this with samples S5 and S6, which have Au added besides the Mo buffer layer it can be seen, that 
effect of Au is dominant over the effect of the Mo buffer layer, because in these samples ordered FePd3 phase forms. Utilizing W 
underlayer instead of Mo in the FeAuPd system also promoted the formation of FePd3 phase which showed ordering for one stacking 
order.

5. Conclusion

Different Fe-Pd based thin film structures were investigated in order to check the effect of an intermediate Au layer and different 
buffer layers (Mo, W) on the structural and phase transformations during low temperature annealings. We have shown, that despite 
the low annealing temperature it is possible to form new phases and applying an intermediate Au layer clearly determines the 
forming new phase. The volume diffusivity of the components at the applied annealing temperatures is low and the step-by-step 
depth profiles showed that the mixing between the components occurred in the whole volume of the film without reaction front 
starting from the layer interfaces. Considering these we have interpreted the intermixing and the formation of new phases by 
grain boundary diffusion assisted mechanisms: diffusion induced grain boundary migration (DIGM) and grain boundary diffusion 
induced reaction layer formation (GBDIREAC). Our results show that applying a Mo underlayer to the two-component Fe-Pd samples 
promoted the formation of the FePd phase, which showed L10 ordering for one stacking order. In contrast with this in case of samples 
containing Au intermediate layer in all cases the FePd3 phase formed irrespective of whether buffer layer was applied or not. The 
formed phase was always ordered except for one stacking sequence grown on W buffer layer. This suggests that the presence of Au 
has a stronger influence of the ongoing phase transformations in the system than the buffer layers which was accounted to stress 
effects.
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