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Angle dependent magnetization reversal of thin film magnetic
recording media

Kevin R. Coffey?
University of Central Florida, 4000 Central Florida Boulevard, Orlando, Florida 32816

Thomas Thomson and Jan-Ulrich Thiele
IBM Almaden Research Center, 650 Harry Road, San Jose, California 95120

(Presented on 15 November 2002

The results of angular measurements of the remanent switching fields for granular longitudinal and
perpendicular magnetic recording media are presented and compared to idealized models of
magnetic switching. Co alloy longitudinal and perpendicular recording media are found primarily to
have a Stoner—Wohlfarth switching character at vibrating sample magnetometer time scales. Since
the Stoner—Wohlfarth model does not consider the effects of thermal activation, the angular
dependence of the time independent switching fidlg,(#) was determined from a Sharrock
analysis. This approach shows a closer agreement between experimental data and model. For the
case of a representative high density longitudinal recording medium, we additionally investigate the
switching field distribution. ©2003 American Institute of Physic§DOI: 10.1063/1.1540167

INTRODUCTION isotropic anisotropy distribution, and @nostly) homoge-
neous ferromagnetic thin film switching by domain wall mo-
The optimal writing of media to provide full remanent tion (Kondorsky switching The first two models correspond
switching is of interest in designing ultrahigh density mag-to idealizations of perpendicular and longitudinal recording
netic recording systems. While media coercivity is convenimedia, respectively, while the third model describes a
tionally defined along the easy axis or plane, the fields prostrongly exchange coupled thin film. Figure 1 plots the time
duced by write heads are vectorial in nature and havéndependent remanent switching fiett,, (#) scaled for a
components in all three directions. In the case of longitudinatonvenient comparison of the three cases, as a functien of
recording with a conventional ring head, this leads to a largéhe angle between the applied field and the sample easy axis
angular variation with changes in field magnitude during theor plane. In the case of perpendicular media, as well as
writing process. For perpendicular recording with a poleuniaxial longitudinal media, Stoner—Wohlfarth switching is
head and soft underlayer, only a small angular variation ofeadily distinguished from Kondorsky switching by the de-
the head field is expected. The response of the medium terease in switching field when the applied field direction is
this angular variation determines the field required forrotated away from the easy axi®<0°). The distinction
switching and hence affects the placement of the writterpetween Kondorsky and Stoner—Wohlfarth switching for 2D
transition and also, presumably, the sharpness of the writteigotropic longitudinal recording media is more subtle. Figure
transition. This work will not address the issue of short-timel shows a minimum iHg,,, at #=40° and an equality of
(~ns) precessional rotation of magnetization typically de-Hswo @t #=0° and 60° for 2D isotropic Stoner—Wohlfarth
scribed by micromagnetic modelifg® but rather provide switching, while for Kondorsky switching there is a mono-
experimental vibrating sample magnetomeigM) data on  tonic increase irHg,,o with 6 and Hg,,, at 6=60° is twice
media switching interpreted using commonly accepted modthat of Hgy at 6=0°.
els for the timé&® and angular dependené.The authors
have previously described their experimental method and
some result§, and previous workers have also used these 125 Kondorsky ey
models to describe recording medi¥. In this work we

.. . . . . . —  1.00
present additional data on the switching field distribution for s e Stoner-Wohlfarth
longitudinal media and briefly illustrate the relevance of the =075
angular dependence of media switching to the writing pro- :g 0.50
cess in magnetic recording. 025

Figure 1 illustrates the angular dependence of switching
for three ideal cases: a collection of Stoner—Wohlfarth par- 0.00 = L L
ticles having a common anisotropy direction, a collection of 0 30 60 90
Stoner—Wohlfarth particles having a two-dimensiof2D) 0 [deg]

2-D isotropic SW
I 1 I

FIG. 1. Relative remanent switching field as a function of angle between the

applied field and sample easy axis for Stoner—Wohlfarth, 2D isotropic

dAuthor to whom correspondence should be addressed; electronic maiStoner—Wohlfarth and domain wall moti¢gKondorsky models of magne-
krcoffey@mail.ucf.edu tization reversal.
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TABLE I. Remanent coercivity, remanence—thickness product, saturation magnetization, and structural descrip-
tion of the longitudinal and perpendicular media samples.

M, t
Sample Anisotropy Alloy Structure  H¢ (O¢) (memu/c) M, (emu/cn)
A longitudinal CoPtCrB (1120) 3350 0.37 330
B perpendicular CoPtCr (0002 3750 0.86 375
SAMPLES closely to the ideal Stoner—Wohlfarth behavior. The longitu-

Experimental data from two representative samples arginal medium(sample A of Fig. 2@ has a minimum rema-
P P P nent switching fieldHg,,, near 30° that is 7.7% below the

presented. Sample A is a CoPtCrB_IongitudinaI recordinqn_plane maximum determined from a VSM remanence mea-
media on a metal substrate having a (@} Zrystallographic surement using a field exposure time of 17 s. This reduction,

fiber texture. Itis similar to those described by Johrisand together with the modest increase in switching fieldsat
is only approximately 2D isotropic, having a ratio of circum- =60°, provides a striking resemblance to the 2D isotropic

ferential versus radial in-plane remanence of 1.3:1. Sample B e _\wohifarth conceptual model shown in Fig. 1, which
is a uniaxial CoPtCr perpendicular recording me@iihout exhibits an 8.6% minimum at 41°. The time independent

a soft underlaygron a glass substrate similar to those de'switching fieldHy, 6) for this sample has a minimum at

scribed by Ikeds where a(0002 crystallographic fiber tex- 300 \yhich is 10% less than the easy axis switching field. This

ture for the recording layer is observed. The remanent COBLinimum is more pronounced than for the 2D Stoner—

civity, ) sgturathn magnetization, and remanentyy,pifarth model where a reduction of 8.6% is expected. We
magnetization—thickness product for the samples are SUMsttribute the experimental result to the fact that the medium

marized in Table I. has an in-plane orientation ratio and that the sample was
measured along its preferred, circumferential, in-plane direc-
RESULTS AND DISCUSSION tion.

Figure 2 shows the angle dependent remanent switchingig.ﬂ;(eb)a n%tlléaor ?;Zen:be\zgﬁffsg{r::{;syaf ?ﬁ:h%\;vonnl:r—

in the VSM time frame s, (6), and the time independent Wohlfarth model shown in Fig. 1. Here the minimum in

switching field parametekls,d 6). The angular range mea- Howrd( @) is at 40° and is 26% lower than the easy axis value

sured is expanded beyond the 0°—90° range to allow Obseféther than 50% lower at 45° as predicted by the Stoner—

vation of symmetry in the presence of experimental erorg, ifarth  model.  The methodology used for these

~3°) in sample angular ition. The time in nden ) : .
(~37) in sample angular positio e time independe tdatar‘neasuremen”_isallows comparison of easy axis and hard axis

i lati h ivi | L o .
are obtained by extrapolating the remanent coercivity values itching and it is clear that the reduction dt,(0°) from

obtained fr_om a seres of remanence curves where the ﬂelj%(j\j,:laal Stoner—Wohlfarth behavior cannot be fully attributed to
exposure time is varied between 17 and 109 s, as shown |g dispersion of easy-axis directions in the samipl
Fig. 3 for sample A. The remanent coercivity data are mod- b y @s

eled using the Sharrock equatforf to yield the time inde- Hsw{(90°) should then be similarly reduced. As with the case
pendent switching field which should correspond moreOf t'he .Iong|tud|nal medium, samplg A, the “”.‘e independent

switching of the granular perpendicular medium, sample B,
shows switching closer to the Stoner—Wohlfarth model. Here

the off-axis minimum is either 30% or 38% lower than the

2r @ o g easy axis value, depending on choice of expol@2i3tor 1/2,
—_ - swr
8 8 _-_ o strO
= L
jas - ~ O o i
i E 10%
> g
\g 0.5 time increasing
2 0,
SN I W 50%)
g
=
g 0.5
g 90%
SR S M B—
2 3 4
2 1 L I L 1 L |
- 0 10 60 00 applied field (kOe)
0 [deg] FIG. 3. dc demagnetizing remanence curves as a function of field wait time

(17-109 $ for an applied field angle obh=40°. For clarity only three
FIG. 2. The remanent switching field and time independ&farrock ex-  curves are shown. The points at which 10% and 90% of the magnetization
trapolated remanent switching field as a function of angle from the easyhave switched are also shown, together with the 50% or coercive point used
axis of samples A and B are shown (& and (b), respectively. to defineHg,(6).
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gap centerof 60 and 80 nm, respectively. It is apparent from
the figure that the increase in media switching field aids the
head field gradient in providing a narrow written transition
and that the Stoner—Wohlfarth, rather than Kondorsky
switching model more accurately represents the media’s re-
10% sponse to the head field angle.

head field 90%

field [kOe]

B A 9 e O
|

CONCLUSION

The angular dependence of both longitudinal and per-
30 40 50 60 70 80 . . L . . .

pendicular media switching is more consistent with the

angle [deg] Stoner—Wohlfarth model than the Kondorsky model. For

FIG. 4. The time independeriSharrock extrapolatgdemanent switching !Ong!tUdmal magnetic recording the Cha”ge in m.edla SWIt.Ch'

field distribution of sample A, a longitudinal recording medium, correspond-ing fields across the angular range associated with the written

ing to sample remanent magnetization being 1@8quares and 90%  transition width is significant and aids the head field gradient

(circleg switched is shown. Curve segments are added to guide the ®¥4n establishing a narrow transition. A stronger angular depen-

Also shown is the Karlquist head field calculated for a magnetic spacing o . L . ..

30 nm, gap of 150 nm, and deep gap field of 15 000 Oe. dence of the media switching field near the easy axis is ob-
served for granular perpendicular media and a less dramatic
change in head field angle is expected from the pole head/

respectively used for the easy axis data in the Sharrocksoft underlayer write head design. In this case it is not clear

equation. if the media angular switching dependence aids or hinders
Figure 4 shows data from sample A where this approacithe head field gradient in the writing of narrow transitions.
has been further extended to look at a time independent

switching field distribution. WhileH g, 6) is derived from ACKNOWLEDGMENTS

the point on remanence curves where the sample is 50%

switched (zero net magnetization Hgy100{6) and

Howro 000 @) can be defined in a similar manner as corre-

sponding to the sample being 10% and 90% :switched,1Q . 4 H. N, Bert \EEE T Maga, 3566(1998
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