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Low spin-wave damping in amorphous Co,gFe;0B2g thin films

A. Conca,? J. Greser, T. Sebastian, S. Klingler, B. Obry, B. Leven, and B. Hillebrands
Fachbereich Physik and Forschungszentrum OPTIMAS, Technische Universitat Kaiserslautern,

67663 Kaiserslautern, Germany

(Received 28 March 2013; accepted 17 May 2013; published online 7 June 2013)

A characterization of the magnetic properties of amorphous CoyoFe40B, thin films, developed for
low damping applications in magnon spintronics, using vector network analyzer ferromagnetic
resonance (VNA-FMR) and the magneto-optical Kerr effect is presented. Our films show a very
weak uniaxial anisotropy and a low Gilbert damping parameter (o = 0.0042). The saturation
magnetization Mg extracted from the FMR measurements is 1250kA/m. The frequency
dependence of the first perpendicular standing spin waves mode on the applied magnetic field is
used to determine the exchange constant A for this alloy resulting in a value of 1.5 x 107! J/m.
These values are discussed in comparison to literature values for different CoFeB compositions and
other related alloys. © 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4808462]

. INTRODUCTION

The magnetic community has in the last years been wit-
ness of a large activity in the search and characterization of
low-damping ferromagnetic thin films. Such materials are
required for spin-wave propagation and manipulation inves-
tigations where the reduced spin-wave dissipation leads to a
larger decay length. Additionally, low-damping thin films
are also of importance for spin-transfer switching devices,
including spin-torque nano-oscillators (STNO) and for other
applications in the field of magnon spintronics. Currently,
yttrium iron garnet (YIG) and NiFe films are used for these
purposes due to the low damping values. However, both
materials show critical disadvantages. The production of
YIG films is complicated and cost intensive and incompati-
ble with current CMOS technology. Additionally, the fabri-
cation of microstructures in YIG films is extremely difficult.
For NiFe, the decay lengths are in the order of micrometers
which difficult any information transfer and process based
on spin-waves or spin currents. Heusler compounds have
attracted a large interest in this area and low damping values
have been reported together with increased decay lengths
and the pronounced occurrence of nonlinear effects.'
However, an annealing step at high temperature and a single
crystalline substrate are typical requirements for high quality
films. Therefore, we propose an alternative with CoFeB with
simplified fabrication process. CoFeB is commonly used in
the fabrication of magnetic tunneling junctions, providing
high TMR ratios in combination with MgO barriers.**

Il. FILM DEPOSITION AND QUASI-STATIC
CHARACTERIZATION

Here, we report on a characterization of CosgFe40B2o
(CoFeB hereafter) thin films deposited by magnetron rf sput-
tering on SiO, substrates in a chamber with a base pressure
of 5 x 107" millbars. The Ar pressure during deposition was
4.7 x 1073 millibars with a gas flow of 10 sccm. The quasi-
static anisotropic switching properties were measured with a

YElectronic mail: conca@physik.uni-kl.de

0021-8979/2013/113(21)/213909/4/$30.00

113, 213909-1

magneto-optical Kerr (MOKE) effect setup in longitudinal
geometry with a spatial resolution of about 100 um and a
laser wavelength of 635nm. A rotational stage allows for
magnetization reversal measurements for any in-plane orien-
tation of the sample with respect to the applied field. The
dynamic properties and material parameters were studied by
measuring the ferromagnetic resonance using a stripline-
vector network analyzer (VNA-FMR). In this work, all films
were studied as-deposited, i.e., without an annealing step.
The surface was studied with ex-situ AFM proving a very
smooth topology with a root mean square roughness parame-
ter Sq = 0.4nm for a film with a thickness of 75 nm.

The CoFeB thin films are magnetically soft with a well
defined but weak uniaxial anisotropy, as shown in Fig. 1(a),
where the measured angular dependence of the coercive field
Hc for a 75nm film is plotted. The value of Hc¢ along the
easy axis lies below 0.3 mT. Since CoFeB is expected to be
amorphous in the as-deposited state, the orientation of the
easy axis is defined by the rest magnetic field created by the
sputtering sources in the deposition chamber. Sample hyster-
esis curves along the easy (0°) and hard (90°) axes are shown
in Fig. 1(b). Additionally, the curve for the orientation with
maximal Hc is also drawn.

lll. SATURATION MAGNETIZATION AND GILBERT
DAMPING PARAMETER

Figure 2(a) shows the dependence of the FMR frequency
on the external field for a 75 nm thick film. A sample spec-
trum is plotted on graph (b), showing directly the normalized
Si» and S;; parameters, proportional to the absorbed and
reflected microwave power. In order to separate the magnetic
signal of the sample from the electrical signal of the whole
system including also the stripline, cables, and electrical con-
tacts, a reference spectrum is taken and used for normaliza-
tion. For this purpose, the magnetic field is set to a value
large enough to shift the FMR frequency well above the fre-
quency range used in the following measurements.

The data shown in Fig. 2(a) have been fitted (red line)
using Kittel’s formula®

© 2013 AIP Publishing LLC
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FIG. 1. (a) Angular dependence of the
in-plane coercive field Hc of a 75nm
CoyoFe40Boo thin film deposited on a
SiO, substrate. (b) Sample hysteresis
loops along the easy (0°) and hard (90°)
axes. The hysteresis loop for the orienta-
tion with maximal Hc (75°) is also
plotted.
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where Hy, H,pni are the applied and anisotropy magnetic field,
respectively, My is the saturation magnetization, and y is the
gyromagnetic ratio of the free electron. Taking into account
the varying values from sample to sample, we determine Mg
for CoygFes0Bog to be 1250 = 30kA/m. Literature values for
the same stoichiometry were found to be 1000kA/m (Ref. 6)
or 1230kA/m (Ref. 7) for as-deposited films. A clear reason
for this large discrepancy was not found.

Further information about the dynamic properties of the
CoFeB films is extracted from the FMR data. The width AH
of the FMR peak in the field-space is related to the dimen-
sionless Gilbert damping parameter o’

4rof

A

AH = AHy +

(@)

An example of a FMR spectrum is plotted in Fig. 3(b).
The procedure described by Kalarickal er al.’ is used to cal-
culate these spectra from the measured data shown in Fig. 2.
Fig. 3(a) shows the dependence of AH on the FMR frequency
which nicely follows the linear behavior described in Eq. (2).
The red line represents the result of a linear fit to the data. A
very low value of o = 0.0042 for the Gilbert damping param-
eter is obtained for our amorphous CoFeB films. This value is
smaller than the measured one for permalloy films (0.007),10
and it is comparable to the low values obtained for epitaxial
films of some Co-based full-Heusler alloys like Co,MnAl
(0.006), Co,MnSi (0.006), or Co,Feq4Mng ¢Si (0.003).10°13
The low value for amorphous Co4gFe40B,o and the fact that

u,H (mT)

the film growth is possible on amorphous SiO, wafers make
this material suitable for fields where a low damping is of
advantage, such as in spin-wave propagation experiments. A
similar value for o has been also measured for this same
alloy,18 however, for films annealed for 4 h at 310°C
(see Table I). For as-deposited films, a different study pro-
vides a value of 0.013,19 which is three times larger than the
obtained result in this work. Since both values for o« were
obtained by different groups, no conclusion about the influ-
ence of the annealing temperature on this parameter can be
extracted. Our result shows that it is possible to obtain a very
low damping parameter even without an annealing step.

IV. EXCHANGE CONSTANT

The same VNA-FMR configuration used for the deter-
mination of the Gilbert damping parameter is also applied to
the determination of the exchange constant A. For this pur-
pose, the field dependence of the frequency of the first stand-
ing perpendicular spin wave mode (PSSW) is measured.
Films with thicknesses between 150 and 200 nm are used.
The reason for the choice of thicker films for the estimation
of A in comparison to the determination of the damping pa-
rameter lies in the limited sensitivity of the experiment
which does not allow for the detection of any PSSW mode in
75 nm thick films.

Figure 4(a) shows an absorption spectrum of a 158 nm
thick CoFeB film where the peaks corresponding to the
ferromagnetic resonance and to the first PSSW mode are
identified. The dependence of the frequency of both peaks on
the applied magnetic field is plotted in Fig. 4(b). The

iH,,, =20.02mT |

app

FIG. 2. (a) Dependence of the FMR fre-
quency on the external applied magnetic
field for a 75nm CoygFe40Bso thin film
deposited on a SiO, substrate. The red
line represents a fit to the Kittel’s for-
mula. (b) Single example FMR spectrum
showing directly the normalized S;, and
Si1 parameters, proportional to the
absorbed and reflected microwave power.
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where p is the order of the PSSW mode, A is the exchange
constant, and d is the thickness of the film. This expression
with p =1 is fitted to the data for the first PSSW mode (red
line in Fig. 4(b)) and a value for A is extracted. Taking again
into account the dispersion for the results obtained from sev-
eral samples and the uncertainty in the film thickness
(+6nm), avalue of A = (1.5 = 0.4) x 10! J/m is obtained.
An additional measurement performed using a Brillouin light
scattering (BLS) setup described elsewhere in Refs. 16 and
17 on a 75nm thick CoFeB film provides a confirmation
of this value. A value of A= (1.3+0.2) x 10°''J/m is
determined.

The measured value for A is surprisingly low compared to
related alloys. Table I shows literature values for Co, CoFe, and
CoFeB with different compositions. The values for the three
known crystalline structures for Co are well above 2 x 107"
J/m. This is also true for the values for the CoFe alloys. For
some compositions, the measured value for A is even above
3 % 107" J/m reaching 3.84 x 10" J/m for Coy;Fess. It must
be pointed out that the values from Refs. 5 and 15 may not be

2A

Frow = 7]t

2

X (Hexl +

TABLE I. Comparison of the literature values of the exchange constant A
for CoFeB and related alloys and the Gilbert damping parameter « for differ-
ent CoFeB compositions with the values obtained in this work.

A o
(107" J/m) (1073

Co (hep) 2.85 Ref. 14
Co (fce) 2.73 Ref. 14
Co (bcce) 2.12 Ref. 14
CogoFe,q as dep. 2.61 Ref. 5
CoggFe,q anneal. 2.75 Ref. 5
Cos,Feq; epitaxial 3.21 Ref. 15
Coy;Fes; epitaxial 3.84 Ref. 15
Coy,Fe B as dep. 2.84 6 Ref. 5
Coy,Fe B¢ anneal. 32 Ref. 5
CoygFe40B,o anneal. 4.0 Ref. 18
CoyoFe40Bog as dep. 13 Ref. 19
CoyoFe40Boo as dep. 1.5 4.2 This paper

Static applied field (mT)

comparable since the growth conditions are very different (ion
beam deposition from a single target and molecular beam epi-
taxy from different sources). The reason for the low value for A
is unclear though it may be related to the higher B content in the
alloy. Additionally, the deposition technique used in this work
(sputtering) is different from the used one for the result for
Co,yFe gB g in Table I (ion beam deposition). In any case, this
value has to be taken into account in the design of devices such
as sensors, MRAM or spin-torque-transfer (STT) devices based
on this alloy and in micromagnetic simulations studying their

behavior and performance.
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FIG. 4. (a) Single example FMR spectrum showing directly the normalized
S, parameter proportional to the absorbed microwave power for a 158 nm
thick CoyoFe40B2o film. The peaks corresponding to the FMR and to the first
PSSW mode are identified. (b) Dependence of the FMR and the first PSSW
mode frequency on the applied magnetic field. The red line represents a fit
using Eq. (3).
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V. SUMMARY

Due to the low measured Gilbert damping parameter
(a0 = 0.0042), CoygFe49Bg is a very good candidate for spin-
wave propagation and manipulation investigations and for
spin-transfer switching studies. The fact that no annealing
step is required to achieve a low damping and that the
growth is possible on SiO, substrates are additional advan-
tages which strongly simplify the deposition of samples. The
exchange constant A is measured resulting in a value lower
than in related alloys.
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