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Abstract

Two of the most important parameters in magnetic measurements are the coercive field, H., and the remanent coercive
field, H,. In this paper we will look at these parameters in relation to vector measurements taken at an angle with the
(mean) anisotropy direction. We will show that the definition and interpretation of these parameters should be
reconsidered for angular measurements. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Due to its importance for recording performance, the
coercive field (H,) is traditionally one of the most fre-
quently measured and specified parameters for magnetic
recording materials. In the literature, the measurement of
the angular variation of H, has been used as a method to
discriminate between various magnetization reversal
modes [1]. This is based on the assumption that H, is the
mean switching field in the magnetic material. The angu-
lar variation of the mean switching field is compared to
the angular variation of the theoretical switching field for
different reversal modes and from that the reversal mode
is determined. Presently the remanent coercive field, H,,
is seen as the real switching field, differing from H by the
fact that only irreversible magnetization changes are
taken into account and therefore being more representa-
tive of the recording process.

When studying the recording process in detail, one will
find that during this process the recording medium is
subjected to a sequence of vector fields with changing
amplitude and direction. The areas before and behind the
write head are subjected to fields with a varying angle out
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of the plane and the areas on the sides of the head are
subjected to fringe fields that have an angle with the
direction of medium motion. These fields can influence
the shape and size of the written transitions. Because of
this, it is important to investigate the magnetic behavior
of recording media under different angles of the applied
field. To get a complete picture of the magnetic behavior
under these circumstances, it is important to use a vector
measurement system such as a vector VSM.

In this paper we will investigate the angular variation
of some well known recording materials and show that
H, is lower than the mean switching field for measure-
ments taken at an angle to the effective anisotropy (easy
axis) direction. The field at which the magnetization
vector reaches its minimum is a much better measure of
the mean switching field. A similar phenomenon is dem-
onstrated for the remanent coercive field.

2. The coercive field

Although H. is generally defined as the field at which
the net magnetization is zero, such a field does not exist
when the measurement is taken at an angle to the effec-
tive anisotropy direction of the material. The magnetiz-
ation vector of the material will decrease in amplitude
and rotate but it will not become zero (as shown in
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Fig. 1). Due to the rotation of the magnetization vector,
at a certain field the magnetization vector will be com-
pletely perpendicular to the applied field. On a scalar
measurement system this is observed as a zero magnetiz-
ation. Therefore, the correct description of the way the
coercive field is presently always used is the field where
the component of the magnetization in the direction of
the applied field becomes zero.

At the coercive field, generally less than half of the
particles (or grains) have reached their switching fields,
as is illustrated in Fig. 2. The magnetization vector of the
individual particles will always point in a direction deter-
mined by the applied field, the anisotropy of the particle,
the interaction field and the demagnetizing field. In gen-
eral this means that the magnetization vector of the
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average particle will point somewhere between the field
direction and its anisotropy direction. As soon as the
particle magnetization vector reaches an angle of 90°
with the field, its magnetization will flip. In Fig. 2 we see
a typical situation that occurs when the field applied
under an angle with the easy axis reaches — H, (coming
from positive saturation). At saturation all particle mag-
netization vectors will point in the same direction. If the
field is now decreased towards the negative coercive field,
many particles will reach their individual switching fields
and their magnetization will ‘flip’ (change from positive
to negative). The magnetization vector sum of all the ‘not
yet flipped particles’ will point in a direction between the
easy axis and the direction perpendicular to H (otherwise
the magnetization would be flipping). The magnetization
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Fig. 1. Magnetization reversal in a standard audio tape when measured under an 80° angle to the plane. For the high fields the
magnetization vector aligns with the field. When the field decreases the magnetization vector decreases in length and rotates but never

becomes zero.
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Fig. 2. The situation at the negative coercive field (coming from positive saturation), where the components of the magnetization vector
parallel with the field of the ‘flipped” and ‘not yet flipped’ particles compensate each other, even though less than half of the particles have
flipped’.
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vector sum of all the ‘flipped particles’ will point in
a direction between the (average) anisotropy direction
and the field direction, (on the opposite side of the field).
At H., the components of each magnetization vector
parallel with the field compensate each other (by defini-
tion). From the figure we can see that at H, the lengths of
the two vector sums must always be unequal, unless they
are both parallel with the anisotropy direction. In all
other cases, the length of the vector sum for the ‘not yet
switched particles’ will be longer than the length of the
magnetization vector for the switched particles. All of
this means that at H, less than half of the particles have
switched.

From the above and from Fig. 1, we conclude that a
better representation of the ‘mean switching field’ for
angular measurements is given by the field at which the
magnetization vector reaches its minimum length.

3. The remanent coercive field, H,

Because the remanent coercive field is determined by
irreversible magnetization changes only rather than irre-
versible and reversible magnetization changes together
(as is the case for the coercive field) it is more relevant for
the recording process. This brings up the question if the
remanent coercive field also has to be reconsidered for
vector measurements under an angle with the easy axis
direction.

Theoretically, if interactions are ignored and if the
remanent magnetization direction for each particle is
determined solely by its anisotropy direction, the field at
which the remanent magnetization vector reaches a min-
imum length should be equal to the remanent coercivity.
This results from the fact that the sum vector for
both “flipped particles’ and the ‘not yet flipped particles’
will point along the anisotropy axis (according to the
previously defined assumptions). Therefore, for a
zero remanent magnetization (in H,;) the vectors for
each of these groups of particles should have an equal
length.

4. Measurement results and discussion

Using both a commercial Digital Measurement Sys-
tems (DMS) vector VSM and the vector VSM described
in Ref. [2] we measured the angular variations of H,
H, and the introduced parameters H,pjmin and
H yamrimin- The latter two parameters represent the field
at which the magnetization vector reaches a minimum
length in the hysteresis loop and DCD remanence
measurement, respectively. Measured results are shown
for a single-layer Metal Evaporated (ME) videotape and
astandard VHS videotape. The ME tape has an easy axis
direction roughly — 20° out of the plane (if no correction

for the demagnetizing field is taken into account). For
ME tape measurements are shown for an angular vari-
ation in the plane and out of the plane, for the VHS tape
only an angular variation in the plane of the sample is
presented.

Note that normally when measurements are performed
where the magnetization has an angle with the plane of
the medium, a correction for the demagnetization has to
be applied, as proposed in Ref. [3]. This has not been
done here (but will be done in a future paper). However,
we will compare our results to demagnetization corrected
results as presented in Ref. [3].

When we start looking at the out-of-plane results
(Fig. 3) obtained on the ME tape, we see an enormous
difference between the H.(x) and the H,qamin(%) plot
(Hagmmin 18 the field at which the magnetization vector
reaches its minimum length). The H(«) plot by approxi-
mation shows a cos(x) behavior, where the Hjamin plot
by approximation follows an 1/cos(x) behavior. This is
exactly the same behavior as was noted for the demagnet-
ization corrected H () plots as shown in Ref. [3], to
which the plots show a very strong similarity. Further
research will have to be conducted before any strong
conclusions can be drawn on whether this will be true for
all materials. When comparing the H/(x) and the
H ymrjmin(®) plots, we see a much smaller difference, as
was predicted from the theory. We also note that the
difference between the H,jamin(®) and the H () is much
smaller than the difference between H (x) and H (), thus
supporting the statement that the field where the magnet-
ization vector reaches its minimum is a much better
representation for the (mean) switching field than H.. We
can also see that fields under an angle with the plane such
as seen behind the write head, will not disturb a written
transition unless these fields are significantly larger than
the in-plane coercive field.

Fig. 4 shows the angular variation of the same para-
meters when the field is rotated in the plane of the ME
tape. The interpretation of this data is more complicated
because part of the vector information is missing due to
a lack of z-coils in the VSMs we used. The out of plane
component of the magnetization (due to the tilted aniso-
tropy direction) will cause a demagnetizing field that
might have influenced the measurement results consider-
ably. Despite or because of this, we see angular variations
of H, and H,ummin that are much closer to each other
than was the case for the out of plane measurement. The
difference between the latter parameter and H, is much
larger in this measurement, which indicates that also
Hyammin s still influenced significantly by reversible
magnetization changes. We also see that in this case the
difference between H, and H my|min 18 significantly larger
than in the measurement taken out of the plane of the
film. The exact reason for this is unclear to us at the
moment but might be related to a combination of
the demagnetizing field and the fact that the fields are
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Fig. 3. Angular variation of He, Hyamin» H: and H,memin fOr a range of angles out of the plane of a single layer ME videotape.
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Fig. 4. Angular variation of H., Hu|min» H: and H yyjmin for a range of angles in the plane of a single layer ME videotape.

applied under 2 angles to the anisotropy direction, since
the anisotropy direction is out of plane.

The interpretation of the measurement results in
Fig. 5 is not hindered by the complicated factors that

influence Fig. 4. The H, plot here has a more standard
shape, where we can see that the field necessary for the
irreversible change of the magnetization at least partially
has to be provided in the anisotropy direction. This can



E.O. Samwel et al. | Journal of Magnetism and Magnetic Materials 193 (1999) 337341 341

900.00
850.00
800.00
750.00
)
O, 700.00
I
650.00
600.00 o Hc
——H at [M| min
550.00 —=Hr
——H at [Mr| min
500.00 I
0.00 30.00 60.00 90.00 120.00 150.00 180.00

Angle with easy axis [deg]

Fig. 5. Angular variation of H, H,amin Hy and H e min for a range of angles in the plane of a standard VHS videotape.

be seen because the shape of the H, curve and, even more,
the shape of the H,mmin curve partially follow the
1/cos(«) behavior, suggesting that the energy for the re-
versal originates from the projection of the applied field
on the anisotropy direction. We can also see here that the
differences between the H. and H,amin CUrve are com-
paratively small here, which might be caused by a differ-
ent reversal mechanism.

5. Conclusions

We have seen that the field at which the magnetization
vector length reaches its minimum differs from H., when
the measurement is taken under an angle to the aniso-
tropy direction. This field is a better representation for the
mean switching field than H, but cannot replace H,. For
out of plane measurements the results are much more

dramatic than for in plane measurements. Even more
important, for the out of plane measurement shown here,
the result was very similar to the results for the angular
variation of the coercive field when corrected for the
demagnetizing field. More research is necessary in this
area to further develop the interpretation of these results
and to increase the understanding of vector magnetiz-
ation behavior.
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