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1 Abstract

The increase in the coercivity values of magnetic recording media drives the need for new recording
heads that can write on this media. One method of achieving this is to change the material used
in the recording head poles to an alloy with high saturation magnetization. One alloy that may
be used is FeCo, which has the highest induction (approximately 2.45 T) of all known magnetic
materials at room temperature.

This research involves the optimization of FegsCogs and FegsCogs for use in magnetic recording
head poles, with an emphasis on the minimization of film stress, which can affect the magnetic
properties of the films, and head performance. The behavior of the critical thickness for stripe
domain suppression and the critical grain size for the suppression of ripple effect is examined
as a function of stress as the theoretical basis for obtaining films with soft properties. Good
agreement was found between the theoretical curves for the critical thickness and grain size and
the experimental data obtained for the FessCogs and FegsCogs films.

Experimental results show that it is possible to obtain a low stress and high magnetization
FessCogs film, and a low stress FegsCogs film. The coercivity of both compositions has not been
optimized and requires further study. Anomalous behavior seen in the induction of FesgsCogs as
a function of bias and in all magnetic properties as a function of pressure in FegsCoszs films is
consistent with the existence of contamination in the deposition chambers and the observation of

oxygen in the films.



2 Introduction

The areal density of hard disk drives increases at a rate of approximately 60% a year. [1] As the
density increases, the hard disk media requires increasingly higher values of coercivity, which makes
it more difficult for today’s magnetic recording heads to write on the media. As a result, improve-
ments in recording heads are necessary for writing on future media. One method of achieving
this is to change the material that is used for the recording head poles to have a high saturation
magnetization. In addition to high magnetization, it is desirable to have magnetic recording heads
composed of materials with low internal stress (high stress can cause films to become mechanically
unstable), and soft properties (to allow high-speed svﬁtching necessary for writing data). One
magnetic material that has potential to meet these requirements in recording heads is FeCo.

The research described in this paper involves the optimization of stress in sputtered Fes;Cogs and
Fegs Cogs thin films for use in future magnetic recording heads. In order to understand how this is
relevant to magnetic recording heads, it is necessary to review some background information. This
section will discuss the general characteristics of FeCo alloys and how stress can affect their role
in magnetic recording devices. This introduction will also give an overview of thin film stress and

discuss its impact on the magnetic properties of FeCo films.

2.1 FeCo Alloys and Magnetic Devices

FeCo alloys have the highest induction (approximately 2.45 T) of all known magnetic materials
at room temperature. The Slater-Pauling curve, which describes the mean atomic moment of
magnetic binary alloys as a function of electrons per atom, shows that the peak value for FeCo
alloys is greater than any other binary alloy. [2]

This high saturation induction makes FeCo thin films desirable for use as recording head mate-
rials. The saturation induction varies with composition, but is almost constant at 2.45 T between
35% and 50% Co, which is shown in Figure 1. |2]
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Figure 1: Saturation induction for FeCo alloys from 0% to 70% Co. [2]

Although magnetic induction is constant in this range of composition, the magnetostriction and
anisotropy constants change dramatically with increasing Co content. Figure 2 shows the behavior

of the magnetostriction and anisotropy constants as a function of composition. [2] [3]
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Figure 2: Magnetostriction and anisotropy constants for FeCo alloys from 0% to 70% Co. [2]

In order for FeCo alloys to be used in magnetic recording heads, they need to have certain
magnetic properties. Degirable magnetic properties include high magnetization and low coercivity.
Optimization of the film magnetization requires the use of FeCo compositions between 35% and
50% Co. Low coercivity requires the suppression of stripe domains since their existence leads to
high coercivity and low permeability. Low coercivity is also dependent upon the suppression of
ripple effect within the magnetic films, since this also produces higher coercivity due to internal
demagnetization fields. Stripe domains and ripple effect will be discussed in sections 2.3 and 2.4.

The optimization of the magnetic characteristics greatly depends upon the microstructural



properties of the films. [4] It has been found that the properties of magnetic films, such as coercivity,
can be affected by microstructural characteristics such as the film stress and grain size. [5] This
research seeks to optimize the stress of Fegs Cogs and Fegs Coss films through variations in deposition
conditions and determine how stress can affect the films’ magnetic properties.

Stress is important because it can affect the physical and magnetic properties of a thin film and
the resulting thin film head. In fabrication, large film stress is undesirable because it can cause de-
lamination of films and catastrophic loss of devices. Thin filmn stress can also affect the performance
of a magnetic device. The stress within a film changes after patterning. Mechanical lapping or
polishing steps that are performed during processing can generate a uniaxial strain that interacts
with the magnetostriction of the magnetic material, which then changes the total anisotropy and
degrades device performance. [6] An example of how stress can affect the performance in a thin

film head is shown in Figure 3.
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Figure 3: Examples of domain configurations in recording head poles.

Figure 3(a) shows a thin film head pole with a desirable magnetic domain configuration, while
Figure 3(b) shows a pole that has been affected by thin film stress. The stress in the pole interacts
with the magnetostriction of the film, which changes the anisotropy, causing the magnetization to
be in the wrong direction. The magnetization can cause undesirable domain configurations such as
the one seen in Figure 3(b). The configuration in Figure 3(b) is undesirable because when current
is applied to the pole, domain wall (c) in the center of the pole will move in the same direction as
the current, and as a result the head will have a poor high frequency response. The main difference
between the heads in Figure 3 is that in 3(a), flux conduction takes place through domain rotation,
while in 3(b), flux conduction takes place through wall motion.

It has been suggested that film stress can significantly affect the magnetic properties of thin
films and magnetic recording heads. In order to understand how stress can affect properties such as

the magnetization, coercivity and stripe domain formation in FeCo films, it is necessary to review



the general characteristics of film stress.

2.2 Thin Film Stress

The total stress in a thin film can be partitioned into two categories: intrinsic and extrinsic.
Intrinsic stress is caused by deposition conditions during the growth of the film, while extrinsic
stress is caused by external forces encountered during post-deposition processing.

Intrinsic stress typically involves the microstructure of a thin film, and can be produced during
growth where the rearrangement of atoms can change the volume of the film after it has been
anchored to the substrate. This anchoring causes a constraint on the film dimensions, which gener-
ates stress. The most common cause of intrinsic stress is changes in the film density during growth
after it has initially bonded to the substrate. [7] In very thin films, impurities and interactions
with substrates can affect stress because they can change the film density. At thicknesses greater
than 10 nm, however, film microstructure is a more important factor. During film growth, shrink-
age of grain boundaries at the growth surface causes tensile stress. The incorporation of gases
during growth can lead to compressive stress. In magnetron sputtering, gas incorporation during
sputtering with substrate bias and from self implantation can lead to compressive stresses as well.
Interactions of films with substrates during growth can also cause non-uniform stress, which leads
to the formation of dislocations in order to minimize the energy of the film, and causes a stress
gradient that varies with the distance from the film to the substrate interface. [8] Annealing of
films can also produce intrinsic stress, although annealing is typically a post-deposition process.
Annealing produces intrinsic stress because it causes microstructural changes in the film through
the addition of thermal energy.

Extrinsic stress is typically caused by post-deposition processes, such as the oxidation or pat-
terning of films. These processes can introduce stress due to forces from other layers of thin films
or mechanical forces (such as that from polishing). [8] Extrinsic stress can also be caused by the
differences between the thermal expansion coeflicients, a;p, of the film and substrate. The differen-
tial expansion of the film and the substrate can cause strain since they are physically constrained
by their adhesion to each other. [9] |

The stress in a thin film material can be measured to determine the relationship between
stress and the other properties of the film. The techniques for measuring stress can be grouped
into two categories: measurements based on the strain due to differences in planar spacings, and
measurements based on the curvature or deflection of the substrate.

Stress measurements based on strain can be performed with x-ray diffraction, where the changes
in the lattice spacing are related to the location of the peaks detected. This technique is limited to
crystalline films because diffraction is used, and cannot be used to find stresses in non-crystalline

materials such as glasses or oxides. When this method cannot be used, measurements based on



substrate curvature can be performed to measure stress. [7] [10]

There are multiple methods of measuring film stress using substrate curvature. One method is
the Moire method which consists of projecting a grating onto the thin film, which acts as a mirror.
The distortion of the grating image is due to Moire fringes which represent the contour lines of
constant film slope. From this, the principal moments can be found, which can be used to calculate
the principal stresses. [11] Another method is the laser scanning method, in which a laser beam is
reflected off the surface of the substrate and of the thin film on the substrate in order to determine
the curvature based on the change in angle of the reflection. [7] Stress measurements based on
substrate curvature can also be performed during deposition via interferometry [12] or by using
laser precimeters [13] inside the deposition chamber. Measurements during deposition are useful
for the determination of stress as a function of film thickness. The specific method of measuring
film stress used in this research employed stylus profilometry to measure substrate curvature; the
details regarding the measurement will be discussed in the experimental section of this paper.

With an accurate measurement of stress, it is possible to determine the relationship between
stress and properties of films. In FeCo filims, the relevant properties are magnetic, specifically the

tendency to form stripe domains, and the coercivity.

2.3 Stripe Domains

Stripe domains were first observed in NiFe films with negative magnetostriction, in which the
magnetic domains in the films resembled stripes running parallel to an applied field. [14] In stripe
domains, the magnetization of the film is mostly in the in-plane direction, but has some components
of perpendicular magnetization. When an in-plane field is applied, the stripe domains relax such
that the areas with stripes parallel to the field grow through domain wall movement, which cause
characteristic shapes of hysteresis loops. [15] [16] A diagram showing the magnetization of films

with stripe domains and the characteristic hysteresis loops of such films is shown in Figure 4.
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Figure 4: Magnetic characteristics of stripe domains. (a) shows the magnetization of stripe do-
mains [15] while (b) shows the characteristic hysteresis loops of films that have stripe domains. [16]

The existence of stripe domains due to varying degrees of perpendicular magnetization increases
the coercivity and lowers the permeability of the film. As a result, the suppression of stripe domains
is necessary for the optimal performance of thin films used in magnetic recording devices. Strain
and magnetostriction have an important effect on the formation of stripe domains [14]. An analysis

of the behavior of stripe domains as a function of the thin film stress is presented in section 3.1.

2.4 Ripple Theory

The ripple effect is a variation of the magnetic orientation of grains in a thin film, in which a saw
tooth pattern is formed. An example of ripple is shown in Figure 5(a). As a result of the rippled
formation of the magnetization of the grains, the coercivity of a thin film is increased. As can be
seen in Figure 5(b), when a field is applied to the film, the magnetization of the grains does not
align uniformly with the field and gives rise to internal demagnetization fields. To overcome these
internal fields, an increased applied field is necessary to change the direction of the magnetization
in the grains. Since soft properties are needed in thin film recording heads, it is best to avoid the

formation of significant ripple in the pole materials.
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