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Introduction

The ultrathin character of magnetic heterostructures, especially 
those involving heavy metal films, leads to the emergence of 

several interesting interface effects [1–5], important for spin-
tronic applications. In these systems, the so-called interfacial 
Dzyaloshinskii–Moriya exchange interaction (iDMI) [6, 7] is 
a consequence of the inversion symmetry breaking and of the 
presence of a heavy metal at interfaces. Unlike the Heisenberg 
exchange interaction (usually leading to collinear magnetic 
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Abstract
Co ultrathin films, of various thicknesses (0.8 nm  ⩽  tCo  ⩽  2.5 nm), have been grown by 
sputtering on Si substrates, using Pt buffer layers and different capping layers (Cu, Ir, MgO 
and Pt). The x-ray diffraction revealed that our films have a (1 1 1) out-of-plane texture 
with various degrees of strains. Their magnetic properties have been studied by vibrating 
sample magnetometry (VSM) and Brillouin light scattering (BLS) in the Damon–Eshbach 
geometry. VSM characterizations revealed that films with Co thickness below (above) the 
spin reorientation transition thickness, which is capping layer dependent, are perpendicularly 
(in-plane) magnetized, suggesting the existence of an interface anisotropy. The surface 
anisotropy constant was found to be 1.42  ±  0.02 erg cm−2 and of 1.33  ±  0.02 erg cm−2 for 
the Pt/Co/Cu and Pt/Co/Ir samples, respectively, suggesting that it is due to the Pt/Co interface 
and that the top Co/Cu, Co/Pt or Co/Ir interfaces have a minor contribution. A lower value of 
1.07  ±  0.02 erg cm−2 has been obtained for Pt/Co/MgO most probably due to over-oxidation 
of Co at the Co/MgO interface. The BLS measurements revealed a pronounced nonreciprocal 
spin waves propagation, due to the interfacial Dzyaloshinskii–Moriya interaction (iDMI) 
induced by Pt interface with Co, which increases with decreasing Co thickness. The magnetic 
dead layer has been taken into account to precisely determine the surface iDMI constant Ds 
estimated at  −0.8 pJ m−1, −1.05 pJ m−1 and  −0.95 pJ m−1, respectively for Pt/Co/Ir, Pt/
Co/Cu and Pt/Co/MgO for sample thicknesses where a linear thickness dependence of the 
effective iDMI constant has been observed.

Keywords: Dzyaloshinskii–Moriya interaction, interface effects, Brillouin light scattering,  
spin waves, perpendicular magnetic anisotropy
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structures), the iDMI favors canted neighboring spins leading to 
various magnetization structures at the nanoscale, such as helices 
[8] and skyrmions [9–11] with a given chirality. Consequently, 
iDMI is currently under intensive research [12–14], due to 
its potential applications in the field of spintronics, aiming to 
quanti fy and to tune iDMI to engineer a desirable function.

The quantification of iDMI in different material systems 
consists of determining its effective (Deff) or surface (Ds) con-
stants [12] using reliable techniques. Today, it is well accepted 
that Brillouin light scattering (BLS) is the most direct and effi-
cient method for iDMI characterization since few parameters 
are required for the experimental data fit. In fact, iDMI leads 
to a different energy (non-reciprocity) of two spin waves (SW) 
having the same wavelength and propagating along two oppo-
site directions [9]. It is manifested by a difference between the 
frequencies of these two SWs. The DMI constant determina-
tion by BLS is thus reduced to this simple frequency differ-
ence measurement, making this technique simple, efficient, 
reliable and straightforward since it can simultaneously detect 
SWs propagating in the opposite directions.

Tuning the iDMI passes through knowing both iDMI con-
stant sign and value for engineering the desired stacks pre-
senting the suitable iDMI constant. Consequently, Pt-based 
heterostructures have been the most widely investigated due 
to their relatively high iDMI constant. Although the strong 
iDMI constant is usually obtained in Pt-based systems, the 
capping layer can influence the total value of the iDMI (and 
even cancel it especially if a heavy metal is used) since iDMI 
is sensitive to disorder, defects and atom arrangement at the 
interfaces. This offers the possibility of tuning the iDMI value 
by judicious choice of the different materials of the stack. 
Moreover, Boulle et al [15] suggested that the higher reported 
iDMI constant for Pt/Co/MgO systems can thus be explained 
by a significant additional contribution at the Co/MgO inter-
face, which has the same sign as the one at the Pt/Co inter-
face and thus enhances the total DMI. It is of great interest for 
applications and fundamental research to investigate the iDMI 
in Pt-based stacks, where different capping materials are used. 
Therefore, considering MgO, Ir and reference metal (Cu) 
could be helpful to identify the contributions of each interface.

In this paper, we address the thickness dependence of the 
iDMI in Pt/Co/X, where X is Pt, Cu, MgO and Ir. For this BLS 
technique, where the wave-vector of the SW is determined by 
the wavelength and the angle of incidence of the laser beam, 
combined with vibrating sample magnetometry (VSM) and 
x-ray diffraction (XRD) are used. We showed that the iDMI is 
mainly induced by Pt/Co interface and no significant contrib-
ution from MgO or Cu has been observed. The observed 
contrib ution of the Co/Ir interface will be discussed below.

Experimental techniques

All the samples studied here were grown at room temperature 
on thermally oxidized silicon substrates in a magnetron sput-
tering system having a base pressure lower than 2  ×  10−8 Torr. 
The samples have the following structure: Si/SiO2//Ta (3 nm)/
Pt (3 nm)/Co (tCo)/X/Ta (3 nm), where X stands for Ir (3 nm), 

Cu (3 nm), Pt (3) or MgO (1 nm), depending on the sample. 
The metallic layers were grown by dc sputtering under an 
argon pressure of 1 mTorr, while the MgO layer was grown by 
rf sputtering under an argon pressure of 10 mTorr. The 3 nm 
thick Ta buffer layer was grown directly on the substrate to 
improve the roughness and to facilitate the (1 1 1) texturing of 
the upper Pt layer. An additional 3 nm thick Ta capping layer 
was deposited to protect the samples from oxidation due to 
air exposure. Although Ta is a heavy metal, the iDMI constant 
induced by Ta is very weak (less than 0.035 mJ/m2 for Ta/
CoFeB interface [13]). Moreover, since in the studied systems 
here Ta is not in direct contact with the Co, we expect that 
its contribution to the total iDMI is all the more reduced and 
can be neglected in our systems. Therefore, no iDMI contrib-
ution from Ta is expected. The static magnetic properties of 
samples have been investigated using VSM. The structure of 
samples has been characterized by XRD experiments using a 
four-circle diffractometer. BLS has been used, in the Damon–
Eshbach configuration, to investigate the iDMI in all the 
samples. For this, an in-plane magnetic field (which is sample 
dependent), significantly high to saturate the magnetization in 
the film plane, has been applied and the BLS spectra (intensity 
versus the frequency) have been recorded after accumulation 
up to 12 h for each laser incidence angle (wave vector). The 
simultaneously detected Stokes (S) and anti-Stokes (aS) fre-
quencies were determined from the Lorentzian fit to the BLS 
spectra.

Results and discussions

Figure 1 shows 2θ/ω XRD patterns measured for representa-
tive Pt/Co/MgO, Pt/Co/Ir and Pt/Co/Cu samples having nom-
inal Co layer thickness of 1.6 nm and a Pt/Co/Pt sample with 

Figure 1. 2θ/ω XRD patterns measured for representative Pt/Co/
MgO, Pt/Co/Ir and Pt/Co/Cu samples having nominal Co layer 
thickness of 1.6 nm and a Pt/Co/Pt sample with a nominal Co layer 
thickness of 1 nm. The vertical dashed lines indicate the position of 
the Pt (1 1 1) and Ir (1 1 1) reflections recorded for control samples, 
and the positions of the Cu (1 1 1) and Co (1 1 1) expected bulk 
reflections. The experimental data have been shifted vertically for 
clarity.
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a nominal Co layer thickness of 1 nm. The data shown here 
were measured in a relatively narrow 2θ angle window around 
the expected positions of the (1 1 1) type reflections of Pt, Ir, 
Co and Cu. However, it should be mentioned that measure-
ments on a wider 2θ range did not show the presence of other 
reflections except the (1 1 1) type, which indicates that our 
films have a (1 1 1) out-of-plane texture. In the case of the Pt/
Co/Pt sample, the diffraction pattern shows a main peak at an 
angular position just above the Pt (1 1 1) reflection which was 
measured in a Si/SiO2//Ta (3 nm)/Pt (3 nm)/Ta (3 nm) control 
sample. The shift to higher angles is owed to the strain in the 
system and it is due to the difference in the (1 1 1) lattice planes 
spacing of Pt (d111  =  0.2265 nm) and Co (d111  =  0.2047 nm). 
Asymmetric satellite peaks are also observable, with the most 
intense one being situated in the lower angles part, which 
is typical for a strained heterostructure [16]. In the case of 
the Pt/Co/MgO sample, the diffraction pattern shows a main 
peak close to the position of the Pt (1 1 1). Asymmetric sat-
ellite peaks can also be observed. In the case of the Pt/Co/
Cu sample, the main maxima corresponding to the Pt (1 1 1) 
reflection is highly strain distorted. This is expected since, 
this type of sample is under the highest degree of strain due 
to the difference in the (1 1 1) lattice planes spacing of Pt 
(d111  =  0.2265 nm) and both Co (d111  =  0.2047 nm) and Cu 
(d111  =  0.208 nm). Regarding this sample, another peak is vis-
ible corresponding to the Cu (1 1 1) reflection. For the Pt/Co/
Ir sample, the diffraction pattern consists of a broad peak with 
two local maxima corresponding to the Pt and Ir (1 1 1) reflec-
tions. For all the samples, no clear Co peak can be observed, 
most likely due to the low diffracted signal resulting from the 
relative low thickness of the Co layer in conjunction with its 
relatively low atomic scattering factor. These structural obser-
vations indicate that all types of samples have a (1 1 1) out-of-
plane texture with a different degree of strain.

The magnetic properties of the Co films depend both on 
their thickness and on the nature of the top interface. Figure 2 
shows the surface magnetic moment (Ms  ×  t) versus the 

nominal thickness of the Co layers for the four types of sam-
ples. Here, the slope of the linear fit of the data gives the mean 
saturation magnetization (Ms), while the horizontal axis inter-
cept gives the extent of the magnetic dead layer (MDL). Ms 
shows a value of 1215  ±  55 emu cm−3 for the Pt/Co/Cu and 
a slightly smaller value of 1100  ±  50 emu cm−3 for the Pt/
Co/MgO samples. The decrease of Ms for Pt/Co/MgO sam-
ples is most likely attributed to the oxidation of the upper Co 
layer interface in contact with MgO [17]. An increase of Ms 
to 1400  ±  70 emu cm−3 and 1380  ±  60 emu cm−3 can be 
observed in the case of Pt/Co/Ir and Pt/Co/Pt samples, respec-
tively. This is most likely due to proximity induced magneti-
zation at the Co/Ir and Co/Pt interfaces [18]. This corresponds 
to a change in film magnetization of 15% which is in good 
agreement with the reported values for Ir/Co18. No MDL was 
observed in the case of the Pt/Co/Cu, while an MDL of about 
td  =  0.36 nm and 0.5 nm were determined for the Pt/Co/Ir and 
Pt/Co/MgO samples, respectively. The presence of an MDL, 
in the case of the Pt/Co/MgO samples, could be associated 
with a partial oxidation of Co when MgO is deposited on top. 
In the case of the Pt/Co/Ir, we attribute the MDL to the inter-
mixing at the Co/Ir interface [19]. The absence of an MDL in 
the case of the Pt/Co/Cu sample is consistent with the lack of 
intermixing at the Co/Cu interface due to the immiscibility of 
the two materials [20].

Figure 3 shows representative hysteresis loops measured 
for two Pt/Co/Cu samples with the magnetic field applied 
perpendicular or parallel with the films surface. Two types of 
behaviors can be observed. Below the spin reorientation trans-
ition thickness (tSRT), as in the case of the sample with the 
1 nm thick Co film, the samples show a perpendicular magn-
etic anisotropy (PMA). This is indicated by the square shaped 
out-of-plane hysteresis loop (figure 3(b)) and by the in-plane 
hysteresis loop (figure 3(a)), which has a shape typical for a 
magnetization hard axis, showing a continuous rotation of the 
magnetization up to saturation. Above tSRT, as in the case of 
the sample with the 1.8 nm thick Co film, the samples show in-
plane magnetic anisotropy, the easy axis of the magnetization 
is rotated in-plane (figure 3(c)) and the hard axis of magneti-
zation out-of-plane (figure 3(d)). It should be mentioned that 
the other types of samples show similar behaviors, with tSRT 
depending on the nature of the Co overlayer.

To get more insight into the magnetic anisotropy of the 
structures, we have calculated the effective PMA constant 
using the relation: Keff  =  MsHs/2, where Hs is the satur ation 
field determined from the hard axis hysteresis loops. It should 
be mentioned that Hs was taken to be negative (positive) 
when Co layer was in-plane (out-of-plane) magnetized. The 
effective magnetic anisotropy can be separated into a volume 
and a surface contribution using the phenomenological rela-
tion [21]: Keff  ×  teff  =  Kv  ×  teff  +  Ks; with Kv the volume 
(including magnetocrystalline, shape and strain related 
anisotropies) and Ks the surface components, respectively. 
The effective thickness (teff) of the Co layers was obtained 
by subtracting the thickness of the MDL from the nominal 
one. Figure 4 shows the effective anisotropy times the effec-
tive thickness Keff  ×  teff versus the effective thickness of the 
Co layers. A pronounced deviation from the linear behavior 

Figure 2. The surface magnetic moment (Ms  ×  t) versus the 
thickness of the Co layers for the four types of samples. Symbols 
refer to experimental data and lines are linear fits.
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for the thinner Co films is observed for Pt/Co/Ir, suggesting 
the existence of two regimes. This deviation from the linear 
behavior is frequently reported for magnetic thin films and 
could be most likely attributed to interface degradation for 

thinner Co films, to coherent and incoherent growth of Co 
induced by the strain misfit of Co and buffer or capping 
layers, to the intermixing at the top Co interface and to the 
decrease of the Curie temperature for the ultrathin Co films 
[20]. Kv and Ks were extracted using the phenomenological 
relation by performing linear fits of data in the linear regime. 
Ks shows rather similar values of 1.42  ±  0.02 erg cm−2 and 
of 1.33  ±  0.02 erg cm−2 for the Pt/Co/Cu and Pt/Co/Ir sam-
ples, respectively. In the case of the Pt/Co/Pt samples, Ks is 
around 1.61  ±  0.08 erg cm−2. This seems to indicate that Ks 
is mainly due to the Pt/Co interface and that the top Co/Cu, 
Co/Pt or Co/Ir interfaces have a minor contribution to Ks. For 
these samples, Kv is practically equal to the shape anisotropy 
(2πM2

s ), the magneto-crystalline anisotropy being negligible 
suggests that our Co films have a fcc crystal structure [22]. 
In the case of the Pt/Co/MgO samples, Ks has a lower value 
of 1.07  ±  0.02 erg cm−2, while Kv deviates from the shape 
anisotropy with non-negligible amount of: Kv  −  2πM2

s   = 
(3.7  ±  0.9) Merg cm−3. While the decrease of Ks might be 
due to over-oxidation of Co alt the Co/MgO interface [17, 
23], the origins of Kv remains unclear.

BLS was used to investigate the iDMI in all the samples. 
The typical spectra recorded for some representative hetero-
structures are shown in figure 5 for ksw  =  20.45 µm−1. Note 
the lower signal to noise ratio for Pt/Co/Ir, despite roughly 
the same accumulation time with the other systems, sug-
gesting the lesser quality of this heterostructure. This is 

Figure 3. In-plane ((a) and (c)) and out-of-plane ((b) and (d)) hysteresis loops measured for two Pt/Co/Cu samples with a Co layer 
thickness of 1 nm and 1.8 nm, respectively.

Figure 4. The effective anisotropy times the effective thickness 
Keff  ×  teff versus the effective thickness of the Co layers. Symbols 
are experimental data while lines are results of linear fits. 
The sketch refers to Co thicknesses where samples present a 
perpendicular magnetic anisotropy (PMA) and an in-plane magnetic 
anisotropy (IMA).
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consistent with the relative thick MDL determined from 
static magnetic measurements, attributed to the Co/Ir inter-
diffusion. The spectra reveal the existence of both Stokes and 
anti-Stokes spectral lines and their frequencies are sample 

dependent due to the presence of PMA. For a symmetrical 
Pt/Co/Pt control sample (figure 5(a)), despite of the use of 
a heavy metal (Pt) in contact with the Co, the Stokes and 
anti-Stokes frequency (FS and FaS, respectively) lines are the 
same due to the absence of any interface symmetry breaking. 
However, the use of a different material as a capping layer 

Figure 5. BLS spectra measured for (a) Pt/Co (1.43 nm)/Pt, (b) Pt/Co (1.46 nm)/Cu, (c) Pt/Co (1.435)/MgO and (d) Pt/Co (1.43 nm)/
Ir systems, at various in-plane applied magnetic field values and at a characteristic SW-vector ksw  =  20.45 µm−1. Symbols refer to 
experimental data, and solid lines are the Lorentzian fits. Fits corresponding to negative applied fields (blue lines) are presented for clarity 
and direct comparison of the S and aS frequencies.

Figure 6. Wave vector (ksw) dependence of the experimental 
frequency difference ΔF (symbols) for Pt/Co/MgO samples. Solid 
lines refer to linear fit using equation (1) and magnetic parameters 
given in the main text. The inset of the figure shows the thickness 
dependence of the frequency difference ΔF corresponding to 
ksw  =  20.45 µm−1. Symbols refer to experimental data, and straight 
solid lines are used for eye guides.

Figure 7. Thickness dependence of the effective iDMI constants 
extracted from fits of wave vector dependence of the frequency 
mismatch of the different studied systems. Solid lines refer to the 
linear fit.

J. Phys. D: Appl. Phys. 52 (2019) 125002
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lifts the frequency degeneracy and leads to a SW non-reci-
procity, resulting in a frequency difference between S and aS 
lines (ΔF  =  FS  −  FaS). The variation of this frequency shifts 
(ΔF) versus ksw is shown in figure 6 for Pt/Co/MgO system 
of different Co thicknesses, where a linear behavior can be 
observed. Note the negative sign of ΔF suggesting that the 
Pt buffer layer induces a negative iDMI effective constant. 
Since the inverse proportionality on the ferromagnetic layer 
thickness is usually a signature of an interface effect, the 
behavior of ΔF versus the effective thickness of Co (consid-
ering the MDL) in Pt/Co/MgO systems is shown in the inset 
of figure  6, for ksw  =  20.45 µm−1. It can be observed that 
ΔF increases with the reciprocal effective thickness (1/teff) 
and approaches zero when teff tends to infinity, confirming 
the interfacial origin of the DMI. Since the iDMI is usually 
characterized by its effective (Deff) or surface (Ds) constants 
[24], the experimental data shown on figure 6 have been fitted 
by the equation:

∆F = FS − FaS =
2γ
πMS

Deff ksw =
2γ
πMS

DS

teff
ksw, (1)

where Ms is the magnetization at saturation, γ/(2π)  =  30.35 
GHz T−1 is the gyromagnetic ratio of Co and teff is the effec-
tive thickness of the Co layers. From slopes of ksw depend-
ences of ΔF shown in figure 6, the effective iDMI constants 
(Deff) have been extracted for all systems. The evolution of the 
obtained values of Deff as a function of the inverse of the Co 
films effective thickness (1/teff) are shown in figure 7, where 
a linear behavior can be observed for relatively thick films, 
as predicted theoretically. Note again the deviation from the 
linearity, as the effective thickness of Co approaches 1 nm. 
The linearity deviation is more pronounced for the Pt/Co/Ir 
confirming the lesser quality of this system, due to the Co/Ir 
interdiffusion, as mentioned above. The slower dependence 
of the Deff for thinner Co layers is also most probably due 
to the degradation of the interface quality of the thin ferro-
magnetic layer, strain misfit of Co and capping layer or to the 
decrease in the Curie temperature. It is worth mentioning that 
for Pt/Co/Pt systems no significant frequency shift between S 
and aS lines have been measured at the maximal SW number  
(20.45 µm−1) due to its stack symmetry. Therefore, we were 
not able to determine precisely the effective DMI constant. 
We thus just limited our investigation to check this stack sym-
metric for all Co thicknesses by measuring the frequency shift 
(at 20.45 µm−1). Within the measurement precision, our iDMI 
constants for Pt/Co/Pt are zero. By the linear fit of the data in 
figure 7, for Co thickness range where the theoretical linearity 
of Deff is observed, Ds has been determined and its values are 

summarized in table 1. Note the negative sign of iDMI in Pt/
Co/X systems suggesting that this iDMI is mainly induced by 
Pt in such system. The lower value of the iDMI surface con-
stant in Pt/Co/Ir with respect to Pt/Co/Cu and Pt/Co/MgO can 
be attributed to the reduction of the iDMI by the contribution 
of the Co/Ir since Pt/Co and Co/Ir interfaces have an opposite 
iDMI sign. However, the observed lower signal to noise ratio 
and the pronounced deviation from the linearity suggests that 
the lower iDMI is most probably due to the lesser quality of 
Pt/Co/Ir system. The mostly similar obtained values (in abso-
lute values) for Pt/Co/Cu and Pt/Co/MgO is in good agree-
ment with Ma et al [13], who reported the absence of iDMI in 
CoFeB/MgO. Moreover, the vanishing of the frequency dif-
ference (iDMI constant) that occurs for a symmetric Pt/Co/Pt 
structure confirms that the upper and bottom Co/Pt interfaces 
are similar. It is worth mentioning that iDMI is sample deposi-
tion condition dependent [14] and it is not surprising to have 
a discrepancy in the measured values between groups for the 
same system.

Finally, it worth mentioning that since both iDMI and 
interface anisotropy are related to spin orbit interaction at 
the interface and are sensitive to disorder, defects and atom 
arrangement at the interfaces, one can expect a correla-
tion between these quantities. As we mentioned above, the 
observed similar deviation from the linearity for iDMI and 
effective anisotropy for thinner Co layers (see figures 4 and 
7), most probably due to interface degradation and inter-
mixing, suggests a possible correlation between PMA and 
iDMI due to the interfacial origin of both iDMI and PMA. 
However, since interface PMA results from the contribution 
of the two interfaces with the ferromagnetic layer while iDMI 
effect is due mostly to the interface with the heavy metal, it is 
not obvious to speculate about the correlation between iDMI 
and interface PMA. Furthermore in previous work [25], we 
reported that both iDMI and interface PMA of Pt/Co2FeAl/
MgO showed opposite trends with the annealing temperature: 
while the interface anisotropy increases, the iDMI surface 
constant decreases with increasing annealing temperatures. 
This again makes it difficult to speculate about the correlation 
between PMA and iDMI.

Conclusions

We have investigated the influence of capping layer in Pt/Co/X 
multilayers with X  =  Cu, Ir, MgO, Pt on iDMI and on inter-
face perpendicular anisotropy. For each capping layer, a series 
of samples with various Co thicknesses has been studied. The 
VSM provided the surface and the volume anisotropy constant 

Table 1. Magnetic parameters obtained from the best fits of BLS and VSM results with the model described in the main text. Within the 
measurement precision, our iDMI constants for Pt/Co/Pt are zero.

System γ/2π (GHz T−1) Ms (emu cm−3) td (nm) Ds (pJ m−1) Ks (mJ m−2)

Pt/Co/Ir 30.35 1400  ±  70 0.38  ±  0.027 −0.8  ±  0.07 1.33  ±  0.02
Pt/Co/Cu 30.35 1215  ±  55 0 −1.05  ±  0.08 1.42  ±  0.02
Pt/Co/MgO 30.35 1100  ±  50 0.5  ±  0.1 −0.95  ±  0.06 1.07  ±  0.02
Pt/Co/Pt 30.35 1380  ±  60 0 1.61  ±  0.08
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values for each kind of capping layer while the SW frequency 
measurements allowed the determination of the iDMI mag-
nitude. For the thicker samples (1 nm  <  tCo  <  2.5 nm), a 
linear reciprocal thickness dependence (following the theor-
etical model stipulating that Deff  =  Ds/teff) of Deff is observed 
allowing to determine Ds. For thinner samples, where a sig-
nificant change of interfaces may occur, a deviation from the 
linear behavior (theoretical model) is revealed and Ds cannot 
be determined. The effective iDMI constant may drastically 
be reduced if the capping layer is not appropriate, especially 
for Ir capping layer. We conclude that while the capping layer 
in Pt/Co/Cu and Pt/Co/MgO systems has no measurable 
influence on the iDMI magnitude within the investigated Co 
thickness range because Co/X interface contribution to iDMI 
is likely much smaller than that of Pt/Co interface, the iDMI 
magnitude of Pt/Co/Ir has been decreased. When the top layer 
is made of Pt, its contribution to iDMI interaction completely 
cancels that of the bottom interface Pt/Co. This cancelation 
only occurs if the two Pt layers are similar, thus proving that 
in our samples the upper Pt layer has the same characteristics 
as the lower one.
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