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Heusler Alloys with bee Tungsten Seed Layers for GMR Junctions

William Frost®*, Atsufumi Hirohata®

%Department of Electronic Engineering, University of York, Heslington, YO10 5DD, UK

Abstract

We demonstrate that polycrystalline CosFeSi Heusler alloys films can be grown with perpendicular anisotropy without
the use of an MgO interface. By heating the substrate to 400 °C prior to deposition and using a tungsten seed layer
perpendicular anisotropy is induced in the Heusler layer. This is maintained as the thickness of the CosFeSi is increased
up to 12.5nm. The layers with thickness dependent coercivity can be implemented into a giant magnetoresistance
structure leading to spin-valve behaviour without the need for an exchange biased pinned layer.
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1. Introduction

The advancement of spintronic devices requires the fur-
ther minimisation of device dimensions and signal outputs
while reducing device power consumption and heating via
reduction of the resistance area product RA[1-4]. This is
especially true in the instance of magnetic tunnel junctions
(MTJs) where the tunnelling barrier is an insulator and
therefore R is unavoidably high. The solution is to trans-
fer back to giant magnetoresistive (GMR)) devices with low
R but these devices have a far lower signal-to-noise ratio
(SNR) due to a smaller GMR ratio compared to a tun-
nelling magnetoresistance (TMR) ratio [1, 2, 5]. Another
obstacle is the implementation of perpendicular magnetic
anisotropy (PMA) in junctions which has been realised by
the insertion of the MgO layer, where hybridisation of the
O-p orbitals with neighbouring layers generates the PMA
in MTJs [6, 7].

Heusler alloys have attracted attention in spintronics
due to high Curie temperatures and predicted 100% spin
polarisations [2, 8-13]. Since TMR and GMR are spin
dependent phenomena the Heusler alloys allow for poten-
tially infinite MR ratios and are hence exceedingly attrac-
tive. These alloys are, however, cubic and as such possess
little magnetocrystalline anisotropy [12]. Therefore thin
films have anisotropy in-plane which is non-ideal for the
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latest applications. This could be overcome as in conven-
tional MTJs by using an MgO/Co-based Heusler interface
but this is contradictory to the low RA target [7]. In-
stead crystallographic manipulation can be implemented
via seed layers. If sufficient strain is induced in the Heusler
alloy then PMA can be achieved without an MgO layer.
Additionally interfaces with heavy metals have been found
to induce strong anisotropy in ferromegnetic layers, how-
ever the origins of this are largely unknown [14, 15]. There-
fore GMR devices with Heusler alloys with PMA can be a
strong competitor for MTJs.

Previous work has shown that a vanadium seed layer
can induce PMA in CosFeSi. Furthermore a second vana-
dium interface can maximise this effect leading to a film
with a weak but dominant PMA [16]. In this work we
have used a tungsten seed layer for CooFeSi layers of in-
creasing thickness. Deposition on heated substrates has
been used to crystallise the films. The films have been
characterised crystallographiically and magnetically to in-
vestigate the magnetic anisotropy. The optimised condi-
tion has then been implemented into GMR multilayers and
further characterised. CosFeSi was used as the ferromag-
netic Heusler alloy due to a saturation magnetisation Mg
of 1200 emu/cm?® and a Curie temperature T¢ of 1100 K
and to easily compare to the anisotropy induced with a V
seed layer [12, 16, 17].

2. Materials and Methods

Samples were deposited on Si(001) substrates using
a PlasmaQuest High Target Utilisation Sputtering sys-
tem (HiTUS) with a bias voltage of —900V and a pro-
cess pressure of 1.86 mTorr in order to maximise grain
volume [18]. Prior to deposition the native SiOy layer
was removed by exposure to the plasma. Substrates were
heated to a temperature of 400 °C in order to encourage
crystallisation of the Heusler alloy [7, 19-21]. Tungsten
was chosen as a seed layer for the Heusler alloy due to
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a large lattice mismatch of 22.2% and a high spin-orbit
coupling. An initial sample consisiting of Si(001)//W (20
nm) was deposited to investigate the crystallisation of the
seed layer. Subsequently CosFeSi was deposited from a
stoichiometric target in varying thicknesses for samples
with the structure Si(001)//W (10nm)/CooFeSi (2.5nm
to 12.5nm)/Ru (3nm). Finally these CoyFeSi layers were
incorporated into a spin-valve structure with a thin W bar-
rier Si(001)//W (10nm)/CosFeSi (12.5nm)/W (0.4 nm to
0.6 nm)/CogFeSi (12.5nm)/Ru (3 nm).

The samples were magnetically characterised using ADE
Model 10 and Lakeshore 7300 vibrating sample magne-
tometers (VSM) with a sensitivity of 1 x 107%emu and
a field precision of 10e. The sample mounts are rota-
tional allowing for measurement both in-plane and out-of-
plane. For crystallographic analysis a Rigaku SmartLab
X-ray diffractometer (XRD) was used with a Cu- source.
A 6-axis goniometer was used to measure samples in both
in-plane and out-of-plane geometries.

3. Results and Discussion

Figure la shows the 4/29 and 20, scans for the 20 nm
layer of W. Several crystal planes of W are visible including
the {100}, {110} and {211} planes, with the {110} peak
having a dominant magnitude. This implies a significant
crystallisation in the W layer but a lack of 2D texture.
Scherrer analysis of the {110} reflection gives a crystallite
size on the order of 8 nm. However, the fitted X-ray Re-
flectivity (XRR) data shown in fig. 1b gives a 94% dense
film with a roughness of 0.2 nm.
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Figure 1: (a) 9-20and 29, scans of the 20 nm W film and (b) the
associated XRR scan.

Layers of CogFeSi were then added in increasing thick-
ness tops from 2.5nm to 12.5nm to a 10 nm seed layer of
W. Figure 2a shown the in-plane 20, scan for the sample
with only 2.5nm of CooFeSi. Even at this low thickness
the CogFeSi has crystallised in the {110} direction. The
multiple reflections from the W layer are still present so
there is no dominant 2D texture in the film. The in-plane
CoyFeSi {110} plane spacing is reduced to 3.98 A which is
2% smaller than the out-of-plane value. A strain has been
induced at the W/CoyFeSi interface resulting in a slight
tetragonal distortion, with a long axis out-of-plane. This
is a possible origin of the anisotropy induced in the films.
Scherrer analysis of the CogFeSi {110} reflections indicates
a small increase in crystallite size from 7.8 nm to 9.7 nm in
the 2.5nm and 12.5 nm films respectively.
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(a) 26, scan of a 2.5 nm layer of CosFeSi on
a 10 nm seed layer of W.
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(b) Out-of-plane M-H loops for increasing
CosFeSi thicknesses.

Figure 2: (a) Crysatllographic and (b) magnetic characterisation of
increasing CogFeSi layer thicknesses.

The magnetic measurements out-of-plane are shown in
fig. 2b. All of the films exhibit a perpendicular magnetic
anisotropy regardless of tcps. The saturation magnetisa-
tion increases with tc pg from 480 emu/cm? to 605 emu/cm
as shown in fig. 3a. This is potentially due to magnetically
dead layers at the interfaces, which become less significant
as topg increases. Figure 3a also shows that the coerciv-
ity is also seen to increase with the film thickness up to a
maximum of 1.65kOe in the 12.5 nm film.

The reversal mechanism of the films has the domain
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nucleation characteristics expected of a film with high in-
tergranular exchange coupling. However this only occurs
after significant domain rotation which reduces the mag-
netisation to half of Mg. After this point the reversal is
controlled by domain wall motion and pinning. The exact
value at which the reversal mechanism changes is not pos-
sible to determine. However the level of rotation seems to
increase with tcpg before nucleation is achieved. There
are two causes for the increase in magnetisation rotation.
Firsty this indicates an increasing magnetic anisotropy
where the anisotropy energy overcomes the intergranu-
lar exchange coupling which favours nucleation reversal.
As such this suggests that the perpendicular magnetic
anisotropy is increasing with tcpg. Secondly both coer-
civity and grain size increase with tcpg. The larger grains
in the film allow for a greater degree of rotation in the film
before reversal. However the increase in the grain size is
only small and has a small impact on the coercivity.

A direct measure of the anisotropy using a coherent
reversal mechanism is not possible due to the intergran-
ular coupling. The coupling leads to a low but non-zero
coercivity hysteresis loop in the plane of the sample. As
such the anisotropy field cannot be determined and thus
the anisotropy cannot be calculated from the M-H data.
Further investigation using a technique such as ferromag-
netic resonance (FMR) must be carried out to obtain a
numerical value of K.

Figure 3b shows the out-of-plane DC demagnetising
curve for the sample tcps = 12.5nm and the calculated
irreversible susceptibility Xirrev. Due to the intergranu-
lar coupling field the demagnetising field Hp cannot be
accounted for, as a correction factor of 47 results in an
overcorrection. The DCD curve therefore can only be mea-
sured at the effective zero field inclusive of Hp. However,
for device application this is the real field that the sample
will encounter and as such is a valid method to deter-
mine an effective activation volume V.¢¢. From time de-
pendence measurements S(H) was determined and hence
Vegs. For the 12.5nm film the activation volume diameter
D.ss was found to be (15 % 3)nm. This is almost double
the crystallite size in the film and supports the presence
of strong intergranular coupling in the film.

Since the coercivity of the layers is strongly depen-
dent on tcpg a spin valve structure can be constructed
where the layers switch at very different fields, ideal for
creating a GMR structure. Figure 4 shows the M-H data
out-of-plane for spin-valve structures based on the struc-
ture Si(001)//W (10 nm)/CooFeSi (12.5nm)/W (0.4 nm to
0.6 nm)/CogFeSi (12.5nm)/Ru (3nm). The two CoyFeSi
layers of the structure switch distinctly with the W 0.5 nm
and 0.6 nm layers which is ideal for a spin-valve structure.

The coercivity of the films is also greater than that
seen in the individual layers. This implies some coupling
between the two ferromagnetic layers through the W layer.
The W layer thickness was set at the peak of the antiferro-
magnetic coupling strength [22], however there is no clear
evidence that this exact coupling is observed.
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Figure 4: Out-of-plane M-H loops for spin-valve structures based on
CogFeSi with varying thickness of W barrier layer.



4. Conclusions

We have shown that interfacial perpendicular magnetic

anisotropy (PMA) in CogFeSi Heusler alloys can be in-
duced by addition of a tungsten seed layer. PMA can be
maintained and increases up to a CogFeSi layer thickness
of 12.5nm, a thickness much greater than usually observed
[7, 16]. Spin-valve structures were also deposited using the
optimised W/CogFeSi/W/CoqFeSi structure to maximise
PMA, where switching clearly depends upon the CogFeSi
layer thickness as is desirable for applications.
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