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Magnetic and Structural Characterisation of
NiFe/Fe30Coro bilayers

Nicola A. Morley, Member, IEEE, Anastasia Caruana Finkel, Weigang Yanbli&rideeves-
McLaren.

Abstract— M agnetostrictive films are required for a wide range
of device applications; by increasing the magnetostriction constant
and decreasing the anisotropy field, the devices will become more
efficient. This paper has studied FenCono films on different
thicknesses of the soft magnetic underlayer NisiFeio, to deter mine
how the structural and magnetic properties change. It was found
that the anisotropy field of the FesCoro film could be reduced by
50% to 10kA/m and the magnetostriction constant increased by a
factor 4 to 65ppm when grown on 30nm NisiFew. Thiswas dueto
the NiFe underlayer inducing a BCC(110) texture within the
FenCoro film and reducing the in-plane stress.

Index Terms—magnetostrictive films, MEM S, soft magnetic
underlayers

anisotropy field could be reduced. One method to achieve this
is to grow the films on thin underlayers, such as Cu, Rb, and
NiFe. Jung et al [4] determined that Ta, Cu, NiFe and Ru
underlayers strongly reduce the anisotropy field and coercive
field of FesCaoss films by changing the film texture. Kotapati
et al. [5] determined that when grown on a thicker NiFe
underlayer, smaller anisotropy fields and larger
magnetostriction constants can be achieved for 15nraCég
films. Caruana Finkel et al. [6] also showed that increasing
NiFe underlayer thickness led to smaller anisotropy fields in
25nm FeoCoy films; the magnetostriction constant could be
tuned by varying NiFe thickness.

This work has studied 50nm €07, films on soft magnetic
underlayers, with the aim to achieve the large magnetostriction

constants achieved by Hunter et al [3], in thinner films, but with

anisotropy fields <10kA/m.
|I. INTRODUCTION

AGNETIC microelectromechanical systems (MEMS) Il.  EXPERIMENTAL PROCEDURE

devices are being developed for a range of applicationsBilayer films were grown on cleaned silicon substrates with

including magnetostrictive energy harvesters [1] and wirelesise native oxide layer still in place. The films were grown in a
mass sensors for detection of airborne toxins and water badéstdiko RF sputterer, which had the capability for the soft
nutrients [2]. To achieve the sensitivities required for thesaagnetic underlayer and the 3070 film to be grown in
applications the magnetic films used must have a largequence without exposing the underlayer to atmosphere. The
magnetostriction constanig>50ppm) and a small anisotropy Soft magnetic underlayer was shfie,s (NiFe), grown at
field (Hs <10kA/m) [1, 2]. Possible candidate materials foff-8mTorr pressure and a power density of 1kWiuhich was
these applications include Fe-Co [3-6], Fe-Ga [7-9] andre lowest pressure and power for the system which allowed fo
Metglas films [10]. uniform NiFe film growth [11]. The th_lckness of the NiFe _f|Ims

Previous work by Hunter et al [3] showed that thdanged from 0 to 30nm. The &€oro film was then deposited

magnetostriction constants of Fe-Co films could be as high 91% top at 4.8mTorr pressure and a power density of 2RW/m

250ppm, but strongly depended on fabrication procedur-g, e thi(_:kness of the &oro f"”?s was_50nm. The thickness
which influenced the film microstructure. While thecallbratlon of each layer deposited using the RF sputterer was

magnetostriction constants were high in these films, t eck(_ed _before the bilaye_r grovvths,_ by measu_ring three
anisotropy fields were also high i.e.s H4OKkA/m for the monolith films of different thicknegs using an atomic force

quenched FeCoss film. Similarly, work by Javed et al [7, 8] microscope. This ensured that the film thickness for each layer

and Hattrick-Simpers et al [9] showed the magnetostrictiof@S *1nm- _ _

constants forFeGa films ranged from 50ppm to 150ppm A Siemens D5000 diffractometer with a Cu. lsource
depending on the fabrication method, but again the anisotrof§=1-5418A) was used to collect the x-ray diffraction (XRD)
fields were in genera' >50kA/m, with the lowest measat&? pa’[terns of the films. The XRD data were fitted in Fltyk

kA/m for a 50nm FeGas film [7]. Both FeCo and FeGa Software package [12], to determine line positighaid full
fiims would be ideal for the MEMS app”cations if theWIdth at half maximum (FWHM) values. From these measured
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values, the lattice constant (a) was determined uBingg’s TABLE |

law, along with the homogenous strai) &nd stressd) [13].  SUMMARY OF THE LATTICE CONSTANTS STRAINS, STRESSES AND GRAIN SIZE

The minimum grain size (D) was determined from the XR| FOR THEFE3(CO7o FILMS

data using the Scherrer equation [13]. The magnetic proper Lattice Grain
; Film constant,a  Strain Stresso Size, D

were measured on a Magneto-optic Kerr Effect (MOKE @) ' £ (GPa) (nm')

mggnetomgter [6-8]. From thg nor.mallsed hysteresis Ipops, 5onm FeCon 2862 0.03 - - 311

anisotropy fields (k) and coercive fields (§were determined, ~i5nmNiFe/ 5831 00wi 1455 S 0E

while the anisotropy was inferred from the normalise 50nm FgCor 0.004 2x10° 0.01

remanent magnetisation. The effective magnetostrictic 30nm NiFe/ 2.836+ -0.0004+ 0.24+ 10+ 0.5

constant £er) was determined using the Villari Effect technique  20"MFeCoro 0.004 1x10° 0.01

[6-8]. This involves bending the film along the hard axis over

known bend radius within a MOKE magnetometer. The changbarpness with NiFe thickness, this means that growing on the
in anisotropy field as a function of bend radii (R) is then plottelliFe underlayer has improved the texture within theE&eo

(Fig. 3a), and the effective magnetostriction constafitm. For the FesCorofilm grown with no underlayer, XRD data

determined using the equation: shows no preferred texture within the film, with all textures as
likely. For the FeoCoro films grownon a NiFe underlayethe
1. = LHs poMsE (1) NiFe has caused the BCC(110) direction in th@E@o films
eff dl/R 3vur

to become aligned perpendicular to the substrate, thus providing
the FesoCorofilms with a strong texture direction within it.
WhereuoMs is saturation magnetization (2.2T forsfeoro), The lattice constant, grain size, homogenous strain and stress
vis the Poisson ratio of the substratés fhe Young’s Modulus  for each film are given in table 1. For the 50nmoEero film
of the substrate andis the substrate thickness. The values ajrown with no underlayer, the lattice constant is larger than the
the Poisson ratio and Young’s modulus of the 380um silicon  bulk FeCoro lattice constant (a= 2.837A), suggesting there is
substrate are known from the literature [14]. The saturati@nsmall compressive stress within the film. Due to the broad
magnetization of the 50nm €0y, films is assumed to be the width of the peak and the low signal to noise ratio (SNR,= 4)
same as bulk RgCor, as previous work on thin films found the error on the lattice constant is larger than the bilayer films.
that the magnetization was reduced from the bulk value fohis means that although the fitted pe&ki2smaller than the
films thinner than 2.5nm [15], thus at 50nm the saturatiapulk value, the large error ahmeans that it is within error of

magnetization can be taken as the bulk value. the bulk value. Thus no strain and stress values are given, due
to the large uncertainty in the data. For thg®ero films grown
I1l. RESULTS ANDDISCUSSION on NiFe, the lattice constants are smaller than the bulk constant,
Fe,,Co,, BCC (110) though within erros, suggesting a small in-plane tensile stress

within the film. The in-plane stress is also a factor 6 smaller in
the 30nm NiFe/50nm RgCoro film compared to the 10nm
NiFe/50nm FeCoro film. This means growing RBeCoro films
on NiFe films has changed both overall texture within the film
and in-plane stress. The growth on NiFe has also affected the
grain size within the ReCor films. The grain size was
determined using the Scherrer equation [13], which depends on
the D peak as well as the full width at half maximum (FWHM)
of the XRD peak. Thus again due to the SNR and broad peak
width of the 50nm FgCoro film with no underlayer, the grain
o B, B size quoted is a minimum value, as the grain size increases with
0o decreasing FWHM. Therefore the data suggests that the 50nm
WMWW FesdCoro film with no underlayer had a grain siae3nm, while
40 44 48 52 for the 30nm NiFe/50nm Ek¢gCor film the grain size had
increased to 10nm, which will in part be to be due to the
BCC(110) texture in the film, improving the FWHM ofeth
XRD peak
From Fig. 2, it is observed that the shape of the hard axis
FerCon fil hich i ina in sh ith NiFe | magnetisation loop changes as the thickness of the NiFe
Eo-0r0 1IiMS, WNICH INCreasing in Sharpness wi Im€ laye nderlayer thickness increases. The anisotropy field decreases
thickness. This peak is attributed to the BCC(110) peak, wh|% o .
e y 50%, from 2&2 kA/m for the FeyCoro film to 102 kA/m
occurs at 2 = 45.14 for bulk FegCoro (solid line in Fig. 1) ¢ yhe 30nm NiFe/50nm BeCoro film. This will be due to the
The peaks were fitted using Fityk [12], and this fitting is plottegjize \nderlayer, which has reduced the stress and increased the

as dashed lines in Fig. 1. For the 30nm NiFe/SOn@aCEe_o BCC(110) texture in the films. This is because the anisotropy
film, two extra peaks are observed in the data along with tta%S

) Id is directly proportional to the stress in the film [16], thus a
expected BCC(110) peak. These peaks are attributed to ; o ; ; :
NiFe underlayer and are the FCC (111) peak at 42184 the rease in the in-plane stress, will reduce the anisotropy field

FCC(200) peak at 50.82As the BCC(110) peak increases inOf the film, as observed in Fig.2.

600 NiFe FCG(200)

NiFe FCC(111)

Intensity

10nm NiFe/50nm F9300070

200

20 (%)
Fig. 1. XRD data for the 50nm £€0, films grown on NiFe underlayers
The dashed lines are a fit to the data.

XRD data, Fig. 1, showed a peak # 2 42, for all three
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1.0f v——= 30nm Ni#e/SOnrﬁ FeaOCo;0
z——=a 10nm NiFe/50nm Fe, Co,,
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o  30nm NiFe
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Anisotropy Field (kA/m)

Normalised Magnetisation
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Fig. 2. Normalised hard axis magnetisation loops as aifumef magnetic

field for the 50nm FgCoy films grown on NiFe underlayers

From Fig. 2, the coercive field reduces by a half as well, from
0.7+0.2 kA/m for the FgCoro film to 0.35t0.2 kA/m for the
10nmNiFe/50nm FgCor film. The coercive field depends on
the microstructure and grain size within the film [4]. For
FesoCoro films, the film structure went from no defined texture
for the FeoCor film to strong BCC(110) texture for the
Fe;oCoro films grown on NiFe; this change in microstructure
will be the cause for the reduction in the. Klthough the
anisotropy fields and coercive fields were reduced when
growing on NiFe underlayers, the overall uniaxial anisotropy
within the films was maintained. 0

The effective magnetostriction constants of theEe
films were measured using the Villari Effect (egn (1)) and are NiFe Thickness (nm)
plotted in Fig. 3b, along with the change in anisotropy field e<
a function of inverse bend radii (Fig. 3a). For the 5GiegaCore ~ F19 32 Anisotropy field as a function of inverse deadii for the FeCor
film with no underlayer, the effective magnetostriction constai I'rllr-“s Fig. 3h Effective magnetosriction constants as & functiohisie

. ) ickness folFe;Coy films.

was +17+4ppm, while for the 10nm NiFe/50r#8a:0Coro the
effective magnetostriction constant was +14+4ppm, therefore . _ .
within error of the monolith film. Thus growing on the thin From Hunter et al [3] work, the increase in the effective
NiFe layer did nbeffect the overall effective magnetostrictionmagnetostiction constant is likely to be due to two effects, the
constant. Tie slight decrease in effective magnetostrictiodirst the changing of texture from randomly orientated to (110)
constant could be due to the effective magnetostriction constéftture and the secomslthe reduction in stress in thesf@oro
of 10nm NiFe on silicon being -2.25pprh7]. For the 30nm films. For a randon_ﬂy orl_entated polycrystalline film, suc_h as
NiFe/50nmFesCoro, the effective magnetostriction constanthe 50nm F&Coro film without an underlayer, the effective
was +65+4ppm, thus growing on the thicker NiFe film hag)agnetostriction constant is given by J19
increased the effective magnetostriction constant to larger than Aisotropic = 2/1100 + 2/1111 (2)

the bulk polycrystaliine value (~57ppri]). A similar effect  \yhere 1,00 is the magnetostriction constant along the (100)
was observedlln the effective magnetostriction constants Sfection andiiy is the magnetostriction constant along the
15nm FeoCoxo films [5] grown on NiFe underlayers. Hunter etg 11) direction. While for a textured (110) film, such as the

al [3] measured the effective magnetostriction constants nm NiFe/50nm FeCorpo film the effective magnetostriction
500nm FeCoro films, for different processing methods. The,,,stant is given by [19

values they achieved welg: = ~75ppm for the as grown films, P _ly o4ty 3)
Aeit = ~140ppm for the slow cooled films arigk = ~250ppm (110) = 57100 T g /11

for the quenched films. The texture and phases in the films Thus both effective magnetostriction constants depend
changed with the different processed, which shows that tAEferently on thedioo and11: values. For bulk FeCoro, the
effective magnetostriction constant is strongly linked to the fildalues 0f2i00 and 111 have not been published, with Hall [20
structure. For the 30nm NiFe/50nms§@07, film, the effective  only measuringlioo and A111up to 60%Co in FeBozorth [1§
magnetostriction constant is in agreement Vitimter’s as  presented effective magnetostriction constants for bulk
grown films value. FessCoro polycrystalline samples, with the largest value being

60

40

20

Effective Magnetostriction constant (ppm)

0 10 20 30 40
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130ppm for a hard rolled tape, which had oriented domains gﬁoalgonetic behaviour of Fe-Ga thin films,” Acta Mat, Va8, pp. 4003,
compa}red to 57ppm for bulk pc_)chrystaIIme samp_les. TherefO@ A. Jéved, N. A. Morley, and M. R. J. Gibbs, "Structuviagnetic and
the difference in the effeFtlve magnetostrlctlop constan Magnetostrictive Properties of as-deposited Fe-Ga Fifins,"” J. Magn.
between the 50nm E&£oro film and the 30nm NiFe/50nm Magn. Mats, vol. 321, pp. 2877, 2008.

FesoCorofilm could arise from the change in textimehe films.  [9] J. R. Hattrick-Simpers, D. Hunter, C. M. CraciunescuSKJang, M.

The effective magnetostriction constant is also influenced by Murakami, J. Cullen, M. Wuttig, 1. Takeuchi, S. E. laofd, L. Benderksy,

) ) ] M H N. Woo, R. B. Van Dover, T. Takahashi, and Y. Furdfombinatorial
the stress in the film and can be predicted by [4§]= “3— investigation of magnetostriction in Fe-Ga andGgAl," Appl. Phys.

. . L. . Letts, vol. 93, pp. 102507, 2008.
) WhereﬂoMS is the saturation magnetisation (f{'ﬂ&oCOm films [10] H. Szymczak and R. Zuberek, « Models of stress-induced anisotropy and

is 2.2T), H is the anisotropy field and is the in-plane stress. magnetostriction in metallic glasses”, IEEE Trans Magn, vol. 26, pp.
Putting the variables in for the films grown on NiFe[11] i55\}'2§53|’ 198;’7R Aseauinolaza. A GarciaArribas.arue. 1. M
- - . V. Svalov, I. R. Aseguinolaza, A. Garcia-Arribas,Qrue, J. M.
underlayers, as the XRD peak for the 50m§b@e’9 film with Barandiaran, J. Alonso, M. L. Fernandez-Gubieda and \G.
no underlayer (Fig. 1) was too broad to determine a stress for gurlyandskaya, “Structure and Magnetic Properties of Thin Permalloy
the film. givesinet= 2.5ppm for the 10nm NiFe/50nm Films near the “Transcritical” state”, IEEE. Trans. Mag, vol. 46, pp. 333-
v g net pPp 070

; _ ; : 336, 2010
film and Jqet = 31ppm for the 30nm NiFe/50nmdg€oro film. .\;12] M. Wojdyr, "Fityk: a general purpose peak fittingpgramme," J. Appl.
Although t.he.y are smaller thap the mea}sured effective Crystall, vol. 43, pp. 1126-1128, 2010.
magnetostriction constants, there is a large difference betwge3) C. Hammond, “The Basics of Crystallography and Diffraction”, 3" ed.
the 10nm NFe/50nm B oro film and the 30nm NiFe/50nm Oxford: Oxford University Press, 2009 _
FexCono film effective magnetostriction constants. Thugdl4 D-R. Francaand A. Blouin, “All-optical measurement of in-plane and

. . . . out-of-plane Young’s modulus and Poisson’s ratio in silicon wafers by
showing that changes in stress in the films lead to the large pcans of vibration modes”, Meas. Sci. Technol. Vol 15, pp. 859-868,
change in the effective magnetostriction constant. This suggests 2004
that the large effective magnetostriction constant measured &l C. A. Neugebauer, “Saturation Magnetisation of Nickel Films of

f e ; Thickness less than 100A”, Phys. Rev. Vol 116, pp1441-1446, 1959
the 30nm NiFe/50nm BgCorofilm is due to both the reduction [16] N. A. Morley, S. Rigby, and M. R. J. Gibbs, "Anisqizo and

in stress and increase in the BCC(110) texture in the film. magnetostriction constants of nanostructured FeCo filmsQpioelec
Adv. Mats, vol. 1, pp. 109 - 113, 2009.
IV. CONCLUSIONS [17] M. P. Hollingworth, M. R. J. Gibbs and S. J. Murdoch, “Magnetostriction

. ) ) ) and surface roughness of ultrathin NiFe films
Growing Fe¢Cor films on thin NiFe underlayers has[18] R.M. Bozorth, “Ferromagnetism”, IEEE Press, New York, 1978

improved the mag netic properties of tF]QOC070 fi|ms7 such [19] A.Javed, N. A. Morley, T. Szumiata and M. R. J. Gibbs, “A comparative

. s study of the microstructural and magnetic properties1df0> textured
that they could be considered for MEMS applications. For .. polycrystalline Fep,Ga, (10 <x < 35) films”, Appl. Surf. Sci, vol,

example growing the 50nm #€0;70 flm on a 30nm NiFe 257, pp. 5977 5983, 2011

underlayer, reduced the anisotropy field by 50% to 10kA/nf20] R. C. Hall, “Magnetic Anisotropy and Mgnetostriction of Ordered and
while the effective magnetostriction constant increased to ?é%‘gdered Cobaliron Alloys™, J. Appl. Phys. Vol 31, pp 15751585
65ppm. From XRD data, the $€07 films grown on NiFe

underlayers had strong BCC(110) texture within the film

compared against the €070 film grown with no underlayer.

Growing FessCoro films on NiFe improved the film texture in

the films, with a concomitant reduction in the anisotropy fields

and increased effective magnetostriction constant.
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