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Structure and soft magnetic properties of sputter deposited
MnZn-ferrite films

M. F. Gillies,® R. Coehoorn, and J. B. A. van Zon
Philips Research, Prof. Holstlaan 4, 5656 AA Eindhoven, The Netherlands

D. Alders
Department of Physics, Eindhoven University of Technology, P.O. Box 513, 5600 MB Eindhoven,
The Netherlands

In this paper we report the soft magnetic properties of thin films of sputtered MnZn ferrite deposited
on thermally oxidized Si substrates. A high deposition temperature, 600 °C, together with the
addition of water vapor to the sputtering gas was found to improve the initial ac permeability,
The highest value obtained was approximately 30. For MnZn-ferrite films with much larger grain
sizes, as obtained by deposition on a polycrystalline Zn-ferrite substratef 400 was obtained.

The results are discussed in terms of the so-called nonmagnetic grain boundary mod€l98©
American Institute of Physic§S0021-89708)53211-7

I. INTRODUCTION layer, were approximately 0.8m thick. The initial ac per-

. . __meability was measurédising an HP4129A analyzer with
The growth of thin layers of magnetically soft ferrites an applied ac field of 2.5 A/m

such as MnZn or NiZn ferrite has been studied recently by
various groups:3 This interest is motivated by potential ap-
plications such as magnetic thin-film read heAdsadding
layers for thin film inductors, and microwave acoustic The magnetic properties were studied as a function of
devices: For most applications, two of the most important two deposition parameters: additional water vapor in the
parameters are the resistivity of the layer and the ac permeputtering chamber and substrate temperature. The effect of
ability, w. While the resistivity is similar to that of the bulk the presence of an additional amount of water vapor on the
the permeability of the thin ferrite films, on which many soft magnetic properties is shown, for three different sub-
authors do not report explicitly, appears to be significantlystrate temperaturesy, in Figs. 1a)—1(c). In the case of no
less. This may be deduced from previously publisMeds  additional added water vapofp(H,0)=1.3x10"* P4 an

H loops where, even when grown epitaxially, the films lack increase inT does have an effect op, though the maxi-

the true softness which characterizes the bulk material.  mum value attained was only 16. Upon increaspidi,O)

It has been shown by other authors that the addition othe coercivityH,, [Fig. 1(a)] is reduced, and for &4 of 550
oxygen during deposition can have the effect of improvingor 600 °CH, is approximately 1.6 kA/m with the addition of
the softness of a thin film MnZzn ferrittwWe however, found (.13 Pa of HO. For T4=500 °C the minimumH, is ap-
that this can easily lead to an undesired oxygen rich ferriteproximately 2.8 kA/m.

In the case of F®, it was found that the exact oxidation
state of sputtered films could be more accurately controlled

lll. MAGNETIC PROPERTIES

using H0.% In this paper we report the effects on the soft a) (b)
magnetic properties of MnzZn ferrite when a small amount of o6
water vapor is added to the sputtering gas. < =
5 4 loss’
= =
Il. EXPERIMENT 2] - 0.2
The films were deposited in a Perkin ElImer 2400-8L rf 0 —_— i . ]

005 015 025

diode sputter system, using Ar at a constant pressure of 0.29 2
p(H,0) (Pa)

Pa(2.2 mTor). The background pressure was approximately '.'—-(;20
1.3x10 4 Pa. The substrate temperature during deposition @
was monitored by a thermocouple inserted into the substrate &
table and silver paste was used to ensure a good thermal<10
contact. The films were sputtered from a 10 cm diameter g
Mng 5:ZNg 476 00,4 polycrystalline ferrite target which has -
a bulk u of approximately 4000. The deposition rate was 0.2 0 0.05 0.15 0.25
wm/h, with a rf power of 250 W, and the films, which were p(H,0) (Pa)

grown on Si substrates with a QuBn pregrown thermal Si©  FIG. 1. The effect of the partial water-vapor pressure during sputtering on
(a) the coercive field(b) the saturation magnetization, afg) the ac per-
meability of thin ferrite films. Deposited at 500 °Qcircles, 550 °C
3E|ectronic mail: gillies@natlab.research.phillips.com (squares and 600 °C(triangles.
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FIG. 2. The effect of a variation in substrate temperature at

p(H,0)=0.13 Pa on(a) the coercive field(b) the saturation magnetization,
(c) the ac permeability, an¢d) the lattice parameter of a 0,4m MnZn-
ferrite film.

The room temperature saturation magnetizatjogiy .,
of the sputtered films, Fig.(l), is only slightly lower than
that of the bulk materia{0.44 7).

The ac permeability did not show any rolloff in the 1-13

Gillies et al.

(b)

0.5 ym

FIG. 3. TEM cross sections of films deposited@t523 °C andb) 604 °C.

MHz frequency range and the average value of permeabilitygun any evaporation. For films with a reasonably high

over this frequency range is what is given in Figc)1 For
the differentT, the trend is similar: an increasing(H,0)
leads to a higheru, with the maximum, u~27, being
achieved with al'g of 600 °C and gp(H,0) of 0.23 Pa.

such as those deposited at 550 °C/0.13 Pa water vapor, the
stoichiometry was, within experimental error, the same as
the target.

From the(400) x-ray diffraction peak positions the lat-

While the trends in magnetic properties are independenfice parameter perpendicular to the film was determined for

of T, the actual values ofl; and . are not. The magnetic
and structural propertie€Sec. 1V) of the sputtered ferrite
were therefore measured for a new series of films whgre
was varied while holding the(H,O) constant at 0.13 Pa.
Figure Za) shows the influence of temperature ldp which

falls to approximately 1.4 kA/m foil ¢ higher than 560 °C.
An increase inT¢ also leads to an increase in thgM ¢, Fig.

films deposited at differents, Fig. 2d). The bulk (targej}
lattice parameter was 0.848 nm. These experiments, as well
as x-ray measurements with a varying direction of the scat-
tering vector and mechanical stress measurements, reveal a
reduction in stress for increasings. Due to the strain
present in the ferrite films it is not possible to accurately
determine the average crystal size via the analysis of x-ray

2(b). Substrate temperatures which are less than 450 °C, rseak widths. This was therefore determined via transmission

sult in a u below 10, Fig. 2c). Above 450 °Cu increases
rapidly with increasing temperature and at 600 &Gs ap-
proximately 27.

IV. STRUCTURAL PROPERTIES

electron microscopyTEM) cross sections for films depos-
ited atT,=523, 565, and 604 °GThe cross sections shown
here are only for films deposited at 523 and 604(FQys.
3(a) and 3b), respectively.] While it is possible to discern a
columnar structure within all the films it is clear that for a

The structural properties of the ferrite were also studiedhigher deposition temperature the columnar structure is more

both as a function gb(H,0) andT. The width and position
of the strongest peak400), in the 6—26 Cu Ka x-ray spec-
tra did not show any relation t@(H,0) (while T, was

clearly defined. For the film deposited =523 °C there
exist imperfections throughout the whole thickness of the
film. This is in contrast to films deposited at a highey

fixed). The stoichiometry of these films, together with thosewhere the formation of small crystallites only occurs during
deposited with various substrate temperatures, was checkdae initial stage of growth. In the later stages of growth a
using x-ray fluorescence, XRF, and electron probe mivery distinct columnar structure appears. From the TEM
croanalysis, EPMA. For depositions & less than 500 °C ~ cross sections the estimated average grain sizes for the depo-
the composition did not appear to be influencedpifii,O) sitions at 523, 565, and 604 °C were 90, 110, and 175 nm,
and was, within experimental error, the same as the targéespectively.

material. For depositions at high&g, films showed Zn defi-

ciency if deposited without 0. The fact that this did not V. FILMS GROWN ON A Zn-FERRITE SUBSTRATE

occur in the presence of @ may be due to the oxidation of In Sec. IV the values for the approximate grain size of
metallic Zn on the surface of the film which would slow the ferrite films, as determined through TEM, were reported.
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From the nonmagnetic grain boundary m&8déNMGB
mode) the relationship between the effective initial perme-
ability, u., the average grain siz®, and the intrinsic per-
meability, u;, of the ferrite within a grain is given by

miD

/~Le: MI5+ D ’ (1)

where § is the width of the nonmagnetic grain boundary
zone. Equatiorfl) implies that that for fixed values af and

Mi, Me CaN be increased by increasing the grain size. We
therefore increased the in-plane grain size of the MnZn-
ferrite films by growing on a mechanically polished poly-
crystalline Zn-ferrite (ZnFg,) substrate with a grain size
of approximately 15um. Since the lattice parameter mis-

match is less than 0.5% and the thermal expansion coeffi- | Faking the si f the th | mi
cients are simila?,Zn ferrite is an ideal substrate on which to cal stress measurement$aking the sign of the thermal mis-

grow MnZn ferrite. On account of the substrate being para_match between the substrate and the film into account such a

magnetic at room temperature the magnetic properties of gehavior cannot be explained in terms of a thermal mismatch
MnZn-ferrite film can be measured without a contribution &0N€ and there must exist excessive stress within the ferrite
from the substrate. Figure 4 shows a scanning electron mf—”m itself. A shift in the lattice parameter, with respect to

croscope photograph of a 0@m thick MnzZn-ferrite film, that Of the bulk, ;S qlso ol?servgd fo; the IMnZn—f?rritﬁ firllm
deposited withp(H,0)=0.13 Pa and,=560 °C. As can be deposited on Zn ferrite. A lowering of total stress for higher

seen the in-plane grain size is around . The film had a deposition temperatures may be responsible, at least in part,

H, of less than 0.1 kA/m and was therefore much softer tharﬁor the higher permeability achieved with these temperatures.

those deposited on the Si/SiGubstrate$H .~ 1.4 kA/m for As wquld be expected from the NMGB model the choice_
films deposited under identical conditions on Si/SiCrhe of Zn ferrite as a substrate and the consequently larger grain

ac permeability of the films deposited on Zn ferrite Wassize of the MnzZn-ferrite film lead to a higher permeability.
1005 If, however, one substitutes into E¢L) the average grain

size of the film shown in Fig. 4, together with a nonmagnetic
grain-boundary thickness of a few nanometéos the bulk a
VI. DISCUSSION AND CONCLUSIONS value of 1.4 nm has been determiflethen u;~ u., where
< has been found to be approximately 100. Such a low
L(ﬁ‘{‘alue of u; may be caused by the presence of residual stress
Ii the films though it is important to realize that the cation

. L “distribution was not checked in these sputtered layers and
ever, consider the possibility that the presence gb ffects that a deviation from the desired distribution could also re-

the oxidation state of either the Fe or Mn ions in the ferrite. .
Using a wet chemical technique it was found that the fractionSUIt in a low p. o . L
A permeability of 30, as obtained for thin films on

v i . . ; X
of F&* and MrP" ons in the films, with and without water Si/SIG, is sufficient to utilize these layers as cladding layers

vapor, were very similar to that of the target. It could, how-f L : L

ever, still be possible that the concentration of eithéFe o thin film inductors. As a flux guide material in yoke-type

Mn3* ions at the grain boundaries is not as in the bulk ma-thIn film read head’sa_l permeability of 30 is not q_wte Sufﬂ'
. ) . oo ) . cient. Further effort is therefore needed to realize a higher

terial and, since these ions can give rise to a large single ion . -

anisotropy in the presence of a crystal field, this could resuIP ermeability and a lower deposition temperature.

in grain boundaries with a hlgh anisotropy. The effect OfACKNOWLEDGMENTS

high anisotropy grain boundaries was considered by

Pankert® and leads to a reduction in permeability.
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The reduction in lattice parameter for increasing Fig. 8“; 'j' SénBngazrgZ'g"iEiJ;‘fﬁ )%agfgég?f;égggz"'

2(d), is indicative of a lowering in the total stress which is sk’ venkata Sivakumar, J. Mater. Sci. Leti0, 61 (1990).

present in these film@his was also checked using mechani- *°J. Pankert, J. Magn. Magn. Mater38, 45 (1994.

FIG. 4. SEM photograph of 0.2m MnZn-ferrite film deposited on a Zn-
ferrite substrate.

The improvement in soft magnetic properties by addin
water vapor to the sputtering gas was an unexpected res
for which we do not yet have an explanation. We did, how
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