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1. Introduction

Generation, manipulation and detection of the spin current 
(the flow of angular momentum) in spintronics devices are of 
high importance and necessary for the realization of efficient 
spin-based magnetic memories and logic devices [1]. The 
spin current can be generated in different ways: by spin injec-
tion from a ferromagnetic material [2, 3], by spin Hall effect 
(SHE) [4–7] (spin up and spin down transverse accumulation 
on opposite sides of a current-carrying conductor due to spin–
orbit coupling (SOC)), by spin Seebeck effect [8] or by spin 
pumping [9, 10]. In the latter method, the precession of the 
magnetization of the ferromagnetic layer (FM) induces a pure 
spin current that can be detected as a voltage drop in a juxta-
posed nonmagnetic metallic layer (NM) via the inverse spin 
Hall effect (ISHE) [11–13] again through SOC. The origin of 
the SHE and ISHE can be intrinsic, as in the case of materials 

with high atomic number such as Pt (the most commonly 
used), for which SOC is embedded in the electronic structure, 
or extrinsic, due to asymmetric spin-dependent scatterings on 
impurities with large SOC [14, 15], as in the case of Cu doped 
with Ir (CuIr) [16].

The relevant property that characterizes the ability of the 
spin current to pass through the FM-NM interface and its 
relaxation in the NM is the effective spin mixing conductance 
↑↓geff. This parameter is affected by the existence of strong spin–

orbit coupling if the metal layer (NM) is a heavy metal (HM). 
Indeed, the spins are pumped into the HM layer where the 
spin of the electron can either relax by spin-flip scattering due 
to the SOC or flows back into the ferromagnet. Therefore the 
interface determines the spin current resulting in the HM layer. 
The spin current then exerts an additional torque on the mag-
netization, thus increasing the Gilbert damping parameter α 
of FM/NM heterostructures. The Gilbert damping parameter, 
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which expresses the dissipation of magnetic energy and hence 
relaxation of magnetization is a key factor for determining the 
performance of magnetic materials in a multitude of applica-
tions. Indeed, it is an important parameter in spintronics, since 
the critical current density of the spin transfer torque current-
induced magnetization [17] reversal is proportional to α [18], 
while short switching time magnetization reversal is achieved 
for a large α [19]. Therefore, precise experimental determina-
tion and control of α are needed.

The purpose of this study is to use the ferromagnetic reso-
nance to determine the variation of the Gilbert damping param-
eter as a function of the thicknesses of Ni80Fe20 and HM layers 
in heterostructures of Ni80Fe20 /HM (where HM  =  Pt and Cu 
doped by 1%, 3% and 6% of Ir). We show that α increases lin-
early with the inverse of Ni80Fe20 effective thickness allowing 
to determine the effective spin mixing conductance, which is 
found to increase with the increasing Ir doping rate. The Pt 
and CuIr thickness dependence of α has been used to deter-
mine the spin diffusion length, which is found to increase with 
decreasing Ir doping rates and significantly lower in the case 
of Pt.

2. Samples and experimental techniques

Two sets of samples, consisting of Pt and Ni80Fe20 (Py) or 
Ni80Fe20 and Cu doped with CuIr(x%), where x  =  1, 2 and 3, 
stacks grown onto Si/SiO2 substrates have been used in this 

study. For this, Py layers with variable thickness (2 nm ⩽ ⩽tPy  
10 nm) were deposited at room temperature onto a Si substrate 
covered with a 100 nm thick thermally oxidized SiO2 layer 
using a magnetron sputtering system. The Py layers were 
then in situ capped by Pt layer (1 nm ⩽ ⩽t 12Pt  nm) or by a 
bilayer of CuIr (x%)/Al(2 nm). The thickness of the CuIr has 
been varied from 1 to 16 nm (1 nm ⩽ ⩽tCuIr  16 nm). In these 
heterostructures, the Pt and CuIr are used as HM layers and 
Al is used as a passivation layer to avoid the oxidation of 
CuIr. Samples with varying Py or HM thicknesses are used to 
determine the spin mixing conductance or the spin diffusion 
length via the thickness dependence of the Gilbert damping 
parameter of FM/NM heterostructures. In order to study the 
dependence of the gyromagnetic factor on the capping layer 
thickness, 3.5 nm thick Py films capped with a 5 nm thick Cu 
or Ta layer have also been grown in similar conditions.

All experiments have been performed at room temperature. 
Vibrating sample magnetometery (VSM) has been used to 
measure the hysteresis loops of the samples with a magnetic 
field applied in the sample plane and to determine the mag-
netization at saturation Ms. Microstrip line ferromagnetic res-
onance (MS-FMR) [20], which is a versatile and widely used 
technique, has been employed here for studying the magnetic 
anisotropy and the relaxation in our films. In MS-FMR experi-
ment, the magnetic sample is mounted on a microstrip line 
(composed of 0.5 mm Cu strip grown on Cu-back side met-
alized Al2O3 substrate, designed to have 50Ω characteristic 

Figure 1. (a) Ferromagnetic resonance spectra representing the amplitude of the field derivative of the absorption as a function of the 
applied magnetic field for 6 nm thick Py layer capped with 8 nm thick CuIr(6%), measured at different driven frequencies. Symbols refer 
to experimental data and solid lines are fits by Lorentzian derivative. (b) Ferromagnetic resonance spectra representing the normalized 
amplitude of the field derivative of the absorption as a function of the applied magnetic field for 4 nm thick Py layers capped with Pt, 
CuIr(6%) and Cu. For direct comparison of the linewidth, the spectra have been horizontaly shifted by their respective resonance fields. 
Due the spin pumping, the enhancement of the linewidth depends on the capping layer. (c) Representation of the spin pumping effect at 
the interface FM/NM: the resonant precession of the magnetization pumps a spin current IS into NM. This generated spin current diffuses 
into the NM layer and dissipates within the spin diffusion length λ. The relaxation of IS in the nonmagnetic layer corresponds to a loss of 
angular momentum in the ferromagnetic layer and results in an increase of the effective Gilbert damping.
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impedance and broadband), which is connected to a Hewlett-
Packard network analyzer (N5230A), operating in the range 
0.01–40 GHz, and to a Schottky detector used to measure the 
transmitted power. For each driven frequency, the sample is 
swept through the resonance by varying the applied external 
field (up to 1.9 T). In addition, the external magnetic field 
is modulated at 170 Hz by small (4 Oe) alternating magn-
etic field allowing lock-in detection via a lock-in amplifier 
(Stanford research system SR830). The recorded signal is thus 
proportional to the field derivative of the imaginary part of the 
rf susceptibility as a function of the applied magnetic field. 
The resonance field and the peak to peak FMR linewidth are 
obtained from a fit assuming a Lorentzian derivative shape of 
the recorded data (as shown on figure 1(a) for 6 nm thick Py 
film capped by a 8 nm thick CuIr(6%) layer). This broadband 
MS-FMR set-up offers a high sensitivity allowing detecting 
a net magnetic moment down to 10−5 emu. The magnetic 
aniso tropy of the different samples is extracted from in-plane 
angular dependence of the uniform precession mode reso-
nance field. The complete analysis of in-plane and perpend-
icular applied field spectra exhibiting uniform precession 
modes leads to the determination of most of the magnetic 
parameters: effective magnetization, gyromagnetic factor and 
anisotropy terms.

Figure 1(b), shows the FMR spectrum of 4 nm thick Py 
films capped with CuIr(6%), Pt or Cu layers, measured at 
6   GHz driven frequency. The FMR linewidth of the Py/Pt 
is clearly greater than that of Py/CuIr(6%) and Py/Cu, which 
shows the narrower linewidth. Since the spectral width is pro-
portional to the Gilbert damping constant α (as shown below), 
one can conclude that the enhancement of the damping con-
stant is due to the magnetization precession relaxation mech-
anism, which is capping layer dependent. In fact, the resonant 

precession of the magnetization pumps a spin current IS into 
NM as shown in figure 1(c). If the NM layer is a perfect spin 
sink, the generated spin current diffuses into the NM layer and 
dissipates within the spin diffusion length λ. The relaxation of 
the spin current in the nonmagnetic layer corresponds to a loss 
of angular momentum in the ferromagnetic layer and results in 
an increase in the effective Gilbert damping of the magnetiza-
tion precession. Here, we use the angular dependences of the 
FMR linewidth in order to identify the direction of the applied 
field giving the minimum of the FMR linewidth corre sponding 
to minimal extrinsic relaxation mechanisms responsible for 
the line broadening. The frequency dependence of the FMR 
linewidth is then measured for an applied field along this direc-
tion and the Gilbert damping parameter is thus deduced and 
studied as a function of the Py and HM thicknesses.

3. Theoretical background

The experimental dynamic data presented here have been 
analyzed considering the model described in [20]. According 
to this model and since the resonance fields in perpendicular 
applied magnetic field configuration are large (>5 kOe in our 
samples even at low frequencies), the small magnetic in-plane 
anisotropy fields of the studied samples can been neglected. 
Therefore, the resonance expression of the uniform preces-
sion mode assuming a perpendicular applied magnetic field 
is given by :

( )γ
π

π= −⊥ ⎜ ⎟
⎛
⎝

⎞
⎠F H M

2
4 .eff (1)

For in-plane applied magnetic fields, the resonance expression 
of the uniform precession mode is given by :

Figure 2. Thickness dependences of the saturation magnetic moment per unit area for Py thin films grown on Si substrates and capped with 
Pt and Cu doped with 6% of Ir (CuIr(6%)). Symbols refer to measurements and solid lines are the linear fits.

( ) ( ) ( )

( ( ) ( ( )) ( ( ))

∥
γ
π

ϕ ϕ ϕ ϕ ϕ ϕ

ϕ ϕ π ϕ ϕ ϕ ϕ

= − + − + −

− + + + − + + −

⎜ ⎟
⎛
⎝

⎞
⎠

⎡
⎣⎢
⎛
⎝
⎜

⎞
⎠
⎟

⎤
⎦⎥

F H
K

M

K

M

H M
K

M

K

M

2
cos

2
cos 4

2
cos 2

cos 4
2

3 cos 4 1 cos 2

M H M
u

M u

M H M
u

M u

2
2

4

s
4

s

eff
4

s
4

s
 

(2)

J. Phys. D: Appl. Phys. 50 (2017) 135002



M Belmeguenai et al

4

/γ π = × ×g2 1.397 106 Hz Oe−1 is the gyromagnetic 
factor.

In the above expressions, ϕM represent the in-plane (refer-
ring to the substrate edges) angle defining the direction of 
the magnetization M. ϕu and ϕ4 define the angles between the 
planar uniaxial easy axis and the planar fourfold easy axis 
with respect to the substrate edges, respectively. Ku, K4 and 
⊥K  are the in-plane uniaxial, the fourfold and the out-of-plane 

uniaxial anisotropy constants, respectively. We introduce 

=Hu
K

M

2 u

s
 and =H K

M4
2 4

s
 as the in-plane uniaxial and the four-

fold anisotropy fields and we define the effective magnetiza-
tion / π=M H 4eff eff  obtained by:

π π= − ⊥M M
K

M
4 4

2
.eff s

s
 (3)

Note that, in this study, the effective perpendicular anisotropy 
term ⊥K  could be phenomenologically separated in a volume 
and interfaces contributions and approximately obeyed the 
relation:

= +⊥ ⊥
⊥K K

K

t

2
v

s
 (4)

where ⊥Ks  refers to the perpendicular anisotropy term of the 
interfacial energy density and ⊥Kv  is the volume anisotropy 
constant.

In FMR experiments, the peak-to-peak FMR linewidth 
∆HPP is directly related to the damping and consists of 
intrinsic and extrinsic contributions. The intrinsic contrib ution 
is not angular dependent (when the applied field and the mag-
netization are parallel); it derives from the Gilbert damping 
and is given by:

α
γ
π∆ =H f

2

3
2Gi

 (5)

where f is the driven frequency and α is the Gilbert coefficient. 
The relevant mechanisms [21] describing the extrinsic contrib-
utions, which are angular dependent, are usually mosaicity 
(the orientation spread of the crystallites), inhomogeneity and 
two magnon scattering [22–24]. Due to its very weak in-plane 
angular dependence (as it will be shown below), the frequency 
dependence of ∆HPP in our samples has been expressed as:

α
γ
π∆ = ∆ +H H f

2

3
2PP

0 (6)

∆H0 describes an inhomogeneous broadening term due to 
the sample imperfections and is assumed to be frequency and 
angle independent.

4. Results and discussion

For all the studied films, the hysteresis loops were measured 
by VSM with an in-plane applied magnetic fields. The thick-
ness dependencies of the saturation magnetic moment per 
unit area, deduced from these hysteresis loops, are shown in 
figure 2. The thickness dependences of the magnetic moment 
are used to determine the magnetization at saturation (Ms) and 
the magnetic dead layer (td): the slope gives the satur ation 

magnetization, while the horizontal axis intercept gives the 
extent of the magnetic dead layer. The thickness of the magn-
etic dead layer and magnetization at saturation are found to be 
0.5 nm (0.6 nm) and ±748 20 emu cm−3 ( ±795 30 emu cm−3) 
for the Pt (CuIr(6%)) capped films. The obtained values of Ms 
are very close and the small discrepancy is within the error bar.

The g value, which determines the gyromagnetic factor 
and therefore the precision of the evaluation of α, is precisely 

Figure 3. (a) Variation of the uniform precession mode frequency 
as a function of the perpendicular applied magnetic field for 3.5 
and 4 nm thick Py films capped with Ta, Pt or CuIr(6%). (b) Easy 
axis field dependence of the resonance frequency of the uniform 
precession mode of Py thin films of thickness (tPy) capped with 
8 nm thick CuIr(6%). (c) Angular dependencies of the resonance 
field (Hr) and peak-to-peak field FMR linewidth (∆HPP) measured 
at 6 GHz driving frequency for Py thin films of thickness (tPy) 
capped with 8 nm thick CuIr(6%) layer. Symbols refer to the 
experimental data and solid lines are the fits using equations (1) and 
(2) and the magnetic parameters indicated in the text. Solid lines 
for ∆HPP are used to guide the eyes. (d) Frequency dependences of 
the peak-to-peak field FMR linewidth (∆HPP) of Py thin films of 
thickness (tPy) capped with a 8 nm thick CuIr(6%). The magnetic 
field has been applied along the direction giving the minimal 
linewidth determined from the angular dependence of ∆HPP. 
Symbols refer to the experimental data and solid lines are fits using 
equation (6) and the magnetic parameters indicated in text.

J. Phys. D: Appl. Phys. 50 (2017) 135002
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accessible by the MS-FMR technique using equation  (1), 
through the study of the frequency variation versus the magn-
etic field applied perpendicularly to the film plane. The typical 
MS-FMR perpendicular field dependence of the resonance fre-
quency for three Py films capped with Ta, Cu and Pt is shown 
in figure 3(a). Its linear variation as a function of the magn-
etic field is in excellent agreement with the calculated ones 
using equation  (1) with g  =  2.109 ( /γ π =2 29.5 GHz T−1).  
The derived value of g is in excellent agreement with the 
value determined in a recent paper [25] addressing the precise 
determination of the spectroscopic g factor in Py by broad-
band ferromagnetic resonance measurements. Moreover, this 
value does not present a significant variation versus the cap-
ping layer material and therefore, it will be used for all the 
samples studied here.

Figure 3(c) shows the typical angular dependence of the 
resonance field (at 6 GHz driven frequency) for different Py 
films capped with 8 nm thick CuIr(6%). The typical angular 
behavior is governed by a small uniaxial anisotropy contrib-
ution not exceeding 12 Oe. All the investigated samples in this 
study present a similar behavior except the 4 nm thick Py films 
capped with CuIr(6%) of a variable thickness, the 3 nm and 4 nm 
thick Py films capped with 8 nm thick CuIr(3%) layer, where 
small fourfold anisotropy superimposed to uniaxial term have 
been observed. Since, the primary goal of this paper is the spin 
pumping, the anistropy nature and origin and their thickness 
dependences will not be considered here. The corresponding 
field dependences of the uniform precession mode frequency 
recorded for the applied field along the easy axis of Py thin 
films capped with CuIr(6%) layer are shown on figure 3(b). By 
conjointly fitting the data in figures 3(b) and (c) to the above 
presented model, the effective magnetization ( πM4 eff) and the 
anisotropy fields are extracted. Interestingly, the effective mag-
netization, shown on figure 5(a) for all the films capped with 
the different materials, follows a linear variation versus the 

inverse of the effective thickness of the Py ( /( )−t t1 Py d ). The 
linear fit of the measurements allows us to determine the value 
of the perpendicular surface anisotropy constants summarized 
in table  1. The πM4 eff value when −t tPy d tends to infinity, 
equal to 10.34 kOe and 9.3 kOe for CuIr and Pt respectively, 
is slightly different from the Ms values mentioned above, sug-
gesting a small volume perpendicular anistropy.

In figure 3(c), the FMR peak-to-peak linewidth (∆HPP) is 
plotted as a function of the applied field angle ϕH for the CuIr 
capped Py films of various thicknesses using 6 GHz driving 
frequency. ∆HPP is defined as the field difference between the 
extrema of the FMR derivative curve. All the other samples 
show a qualitatively similar behavior to one of the samples 
presented here. The positions of the extrema depend on the 
sample. The observed small anisotropy of the linewidth cannot 
be due to the Gilbert damping contribution, which is expected 
to be isotropic, and must be due to an additional extrinsic 
damping mechanism. Due to the very weak angular depend-
ence of the linewidth and since the primary goal of this paper 
is the investigation of the spin diffusion length and the spin 
mixing conductance, the identification of the extrinsic relax-
ation mechanisms and their variations as a function of FM 
and HM thicknesses are not considered here. Therefore, this 
angular dependence for each sample is used to determine the 
applied field direction giving the minimum of the linewidth 
∆HPP, for which the frequency dependence of ∆HPP is then 
measured for the sake of the minimization of the extrinsic 

Table 1. Magnetic parameters obtained from the best fits to our experimental FMR results with the above mentioned model.

Cap layer td (nm)
⊥K s  

(erg · cm−2) ⊥K v (erg · cm−3) ↓↑geff (nm−2) ↓↑gCap (nm−2) αPy λ (nm)

Pt 0.5 0.36  ± 0.01 0.37 ×105 25  ± 1 24.8  ± 1 6.7 × −10 3 1.05  ±  0.1

CuIr(6%) 0.6 0.37  ± 0.01 −1.39 ×105 9.87  ± 0.4 9.6  ± 0.4 5 × −10 3 2.8  ±  0.2

CuIr(3%) 0.6 0.42  ± 0.015 −1.39 ×105 7.95  ± 0.3 8.07  ± 0.3 5.2 × −10 3 3.4  ±  0.2

CuIr(1%) 0.6 0.43  ± 0.015 −1.39 ×105 5.9  ± 0.2 5.9  ±  0.2 5 × −10 3 3.8  ±  0.2

Figure 4. Frequency dependence of ∆HPP for 4 nm thick Py 
thin films capped with CuIr(6%) layer of thickness (tCuIr). For 
comparison, the frequency dependence of ∆HPP for Py(3.5 nm) 
capped with a 5 nm thick Cu layer is also shown. The solid lines 
refer to the fit using the above mentioned models.

Figure 5. Thickness dependence of (a) the effective magnetization 
( πM4 eff) and (b) intrinsic damping parameter (α) extracted from the 
fit of FMR measurements of Py thin films of thickness (tPy) capped 
with 8 nm thick CuIr(1%, 3% and 6% ) and 6 nm thick Pt layers. The 
solid lines are the linear fits.

J. Phys. D: Appl. Phys. 50 (2017) 135002
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contributions. In these conditions, the deduced damping from 
the frequency dependence of ∆HPP using equation (6) is much 
closer to the Gilbert coefficient. This frequency dependence 
of ∆HPP is plotted in figure 3(c) for Py films of various thick-
nesses capped with a 8 nm thick CuIr(6%) layer (figure 3(c)) 
and for 4 nm thick Py films capped with CuIr(6%) layer of a 
variable thickness (figure 4). For comparison, the frequency 
dependence of ∆HPP for Py(3.5 nm) capped with a 5 nm thick 
Cu layer is also shown on figure 4 where a significant enhace-
ment of the linewidth is observed as the CuIr(6%) thickness 
increases due to the larger spin pumping effect induced by 
CuIr(6%). The derived Gilbert coefficient using equation (6) 
increases with /( )−t t1 Py d , as shown in figure 5(b). The increase 
of damping value with the FM inverse thickness using HM 
is attributed to spin pumping effect. By considering that the 
total damping is given by α α α= +Py pump, where αPy is the 
Gilbert damping of Py and αpump is the damping introduced 
by the spin pumping effect due the metallic capping layer, the 
fitted data gives α = 0.005Py  (0.0066) for CuIr (Pt) capped 
films, which is slightly different from the usual intrinsic value  
of Py (≈0.006 [26]). The spin pumping contribution to the 

damping is given by [27, 28] 
( )

α = µ
π −

↓↑g
g

M t tpump 4 eff
B

s Py d
, where 

µB is the Bohr magneton and −t tPy d is the Py effective thick-
ness taking into account the magnetic dead layer thickness. 
↓↑geff, which is the real part of the effective spin-mixing con-

ductance, is the essential parameter to the spin pumping 
experiment. It accounts for the back flow of spin angular 
momentum from the nonmagnet back into the ferromagnet for 
both interfaces of the FM layer and refers to the efficiency 
of generating a spin current across the interface. From the 

fit of the experimental data the obtained values of ↓↑geff are 
summarized in table 1 for all the samples studied here. This 
parameter increases with Ir doping rate. The obtained values 
for CuIr(6%) are of the same order than that measured for 

the Co/Ir systems (9.1 nm−2) [29]. However, they are at least 
two times lower than that of Py/Pt systems, which is in good 
agreement with the previously obtained value by Du et al for 

Ni81Fe19/Pt (25 nm−2) [30]. Furthermore, these values of ↓↑geff 
for the different capping layers studied here remain largely 
higher than the obtained ones for YIG/Pt [31].

Increasing the spin current injection efficiency in FM/HM 
bilayer could be achieved by optimization of HM film thickness 
[32]. Indeed, with a large HM thickness most of the spin current 
generated in HM decays before returning to the FM interface 
due to the spin-flip scattering [9]. On the other hand, with small 
HM thickness, the net spin current is reduced due to the spin 
diffusion caused by the spin accumulation at HM surface. The 
HM thickness also affects the heat dissipation into the device 
electrodes and the rate of Joule heating [9]. Therefore, one can 
expect that there exists an optimal HM thickness for spin-injec-
tion into Py, determined mostly by the spin diffusion length. 
This spin diffusion length is thus an important parameter for 
describing SHE and ISHE. The dependence of the damping on 
HM capping layer thickness (tCap) can be described by [9]:

( )
α α

µ
π

= +
−

− λ↓↑
−⎛
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⎞

⎠
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g

4
1 e

t

Py
B

s Py d
Cap

2 Cap

Cap (7)

where λCap is the spin diffusion length and ↓↑gCap is the effective 
spin mixing conductance of the capping layer (Cap  =  Pt or 
CuIr). In our samples where, the buffer layer is SiO2, the prin-
ciple source of spin pumping is the capping layer and therefore,  
↓↑geff and ↓↑gCap are identical. To determine λCap and ↓↑gCap for the 

Py/Pt and the Pt/CuIr interfaces, we deposited a series of sam-
ples with a constant Py layer thickness of 4 nm and a varied 
capping layer thickness tCap. Figure 6 shows the dependence 
of α versus tCap for both capping layers, where an exponential 
behavior is observed in good agreement with equation (7). By 

Figure 6. Damping parameter of 4 nm thick Py thin films capped with CuIr or Pt layers of thickness (tCap, where Cap  =  Pt, CuIr(6% ), 
CuIr(3% ) and CuIr(1%)). The solid lines refer to the fit using equation (7) and the parameters indicated in table 1.
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fitting the experimental thickness dependence of the Gilbert 
damping with equation  (7) and using the above mentioned 

values of αPy, we determine λCap and ↓↑gCap as shown in table 1. 
The obtained values ↓↑gCap are in a good agreement compared 

to those of ↓↑geff found above. The small discrepancy between 

the obtained values of ↓↑gCap and ↓↑geff gives an idea about the 
error bars. The spin diffusion length increases with decreasing 
Ir doping rates. This is expected, since the primary spin-flip 
scattering events are scatterings on Ir impurities. The smallest 
value obtained for CuIr(6%) (λ = 2.8CuIr  nm) is higher than 
that of Pt (λ = 1.05Pt  nm) due to the higher SOC of the Pt. The 
obtained value of λPt is in good agreement with previously 
obtained ones [33, 34].

5. Conclusion

Gilbert damping parameter has been measured in Py/Pt and 
Py/CuIr systems with varying Py and capping thicknesses 
using MS-FMR technique. We quantified the spin-pumping 
contribution to the enhanced damping of the system by taking 
the spin diffusion length of Pt and CuIr layers and the spin 
mixing conductance of the Py/Pt and Py/CuIr interfaces into 
account. We showed that the spin mixing conductance (spin 
diffusion length) decreases (increases) with decreasing Ir 
doping rates but remains considerably lower (higher) than that 
of Pt. Moreover, the perpendicular surface anisotropy constant 
present in the different samples capped by the various layers 
has been determined.
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