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Thin Film Write Head Field Analysis
Using a Benchmark Problem

Koji Fujiwara, Fumiaki Ikeda, Akihisa Kameari, Yasushi Kanai, Member, IEEE, Kimio Nakamura,
Norio Takahashi, Fellow, IEEE, Koji Tani, Member, IEEE, and Takashi Yamada, Member, IEEE

Abstract—A benchmark problem has been proposed by the
Storage Research Consortium (SRC) in Japan, for evaluating the
applicability of computer codes to 3-D nonlinear eddy current
analysis of thin film magnetic recording write head. Various codes
using the finite element method are compared in terms of the
write head field and the computational efficiency. The difficulty in
3-D mesh generation of thin film head is also discussed. The write
head fields calculated by various codes using different meshes
show the fairly good agreement. The calculated write head fields
are verified by measurement using a stroboscopic electron beam
tomography. It is found that the calculation time strongly depends
on unknown variables.

Index Terms—Benchmark problem, eddy current, finite element
method, thin film write head.

I. INTRODUCTION

T HE MAGNETIC recording density increases by the ratio
of 60% a year in recent years and the areal density of com-

mercial hard disk drives has reached 10 Gb/in. A roadmap
shows that hard disk drives with the recording density of 20
Gb/in will be on the market in 2001 and 80 Gb/inin 2005.
In order to achieve high transfer rate, recording frequency is ex-
pected to be several hundred megahertz. In this situation, large
number of reports concerning the spin-valve read heads have
been found. On the other hand, write heads have rarely been
discussed.

In order to achieve a higher recording density of 20 Gb/in
in 2001, SRC was established in 1995 in Japan [1]. The Simu-
lation Working Group for Magnetic Recording in SRC has in-
vestigated a benchmark problem for magnetic recording write
head analysis to evaluate the applicability of currently proposed
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Fig. 1. Benchmark model of thin film write head (2 Gb/in).

numerical methods for magnetic field analysis. In this paper,
various 3-D FEM codes using edge elements [2] are applied to
the magnetic field analysis of thin film write head of the bench-
mark problem. The head field is compared at the track center.
The difficulty in mesh generation and the behavior of flux den-
sity near pole tip of head are discussed.

II. DEFINITION OF BENCHMARK PROBLEM

Fig. 1 shows the benchmark model. The head is used for
2 Gb/in recordings of which the gap length (), throat height
( ) and track width ( ) are 0.4 m, 2.0 m and 2.7 m, re-
spectively. The upper and lower yokes are 4.1m and 3.4 m in
thickness, respectively. The yoke material is permalloy of which
the initial relative permeability , the saturation magnetization

and the conductivity are assumed to be 1000, 1 T and
S/m, respectively. The numbers of turns of upper and

lower exciting coils are 7 and 8 turns, respectively. The mag-
netomotive force (mmf) shown in Fig. 2 is applied, which is a
part of trapezoidal waveform of 25 MHz including higher har-
monics. The model is classified as a nonlinear transient eddy
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Fig. 2. Applied magnetomotive force and integration of flux density along
electron orbit (measured).

current model. The detailed dimensions of pole tip and the type-
written data of appliedmmfis described in the appendix.

The flux density at the track center ( m,
m, m) should be examined. The

flux densities at three points of m (bottom surface),
15 m (near center) and 17.1m (top surface) on the center
( m, m) of upper yoke should also be
investigated.

III. M ETHODS OFANALYSIS AND MEASUREMENT

As shown in Table I, eight solutions are given by five groups.
Hexahedral or tetrahedral 1st-order edge elements are used. The
type of unknown variables, number of elements, etc. are dif-
ferent. The codes of nos. 1, 2, 4 and 5 employor method
[3]. In group no. 3, or method and reduced method
are applied in conductive and nonconductive regions, respec-
tively [4].

The magnetic fields near the pole tip are measured by a stro-
boscopic electron beam tomography [5]. This measurement uti-
lizes a pulsed electron beam which is synchronized with the
driving current of the magnetic recording head and which can
be fixed on a particular phase of the driving current. The deflec-
tion of the pulsed electron beam of a particular phase due to the
magnetic field was measured by the position sensor. The time
and space resolutions are 0.3 ns and 0.1m, respectively. The
driving current is measured simultaneously by a current probe
having a small impedance. Fig. 2 shows the measured value of
the integration of the flux density along the electron orbit and
the driving current.

IV. RESULTS AND DISCUSSION

A. Computational Efficiency

The CPU time of no. 3.2 is reduced to approximately 70% of
that of no. 3.1 on the same workstation in spite of the increase of

the number of unknowns. This denotes that the CPU time can be
saved by employing the scalar potentialas unknown variable
which decreases the number of ICCG iterations [3].

In order to compare the CPU time between different environ-
ments, performance is measured using the same ICCG code and
linear equations obtained from a linear magnetostatic analysis of
this model. The efficiency is calculated using the CPU time, the
number of steps of no. 1 and the normalized performance. The
efficiency of no. 2 is lower than that of no. 1. The main reason is
that a shifted parameter for stabilizing the convergence charac-
teristic of the ICCG procedure [6], [7] is fixed at 2.5. Its optimal
value is about 1.2 for this calculation. The other codes determine
the optimal value automatically. Compared with nos. 1 and 3.1
which use the same mesh, no. 3.1 has much higher efficiency
than no. 1. This is, because the convergence characteristic of the
ICCG procedure in no. 3.1 can become a convex one by intro-
ducing , and the ICCG procedure can be terminated around
the minimum residual observed at an early iteration step [8].
Compared with nos. 3.4 and 4 which use tetrahedral elements,
the efficiency of no. 3.4 is higher than that of no. 4 for the same
reason mentioned above. It seems that a method of varying the
convergence criterion for the ICCG procedure with nonlinear
iteration steps also affects the efficiency. However, its effect is
not clear at present.

B. Mesh Generation

The mesh generation of such a thin head is not easy, because
the difference in size between the pole tip (1m order) and
the whole yoke (100 m order) is extremely large, and the skin
effect is remarkable due to the high frequency. It is required
to generate a mesh so that the element size increases gradually
from the pole tip to the whole yoke by avoiding the generation
of flat elements having high aspect ratio. Then, the following
various kinds of mesh generators are applied:

1) Pile of 2-D Mesh and Modification near the Pole Tip
(Hexahedral Element, Nos. 1, 2, 3.1, 3.2)

In this technique, firstly, all outlines of model are pro-
jected on plane, then 2-D region is subdivided into
quadrilateral elements. The 2-D mesh is piled in the-di-
rection to generate hexahedral elements. The obtained
3-D mesh is modified by tilting the tip of the head. The
skin depth is about 1.5m under the condition of

, S/m and MHz (frequency
of fundamental harmonic of appliedmmf). By taking ac-
count of the skin depth, the upper and lower yokes are
subdivided into five layers.

2) Combination of Delaunay Tessellation and Octree Tech-
nique (Tetrahedral Element, Nos. 4, 5)

Firstly, 3-D region to be analyzed is subdivided into
tetrahedral elements using Delaunay tessellation. In order
to add more nodes, the octree method [9] is applied.

3) Commercial Mesh Generators Developed for Fluid Anal-
ysis and Structural Analysis (Nos. 3.3, 3.4)

Meshes composed of hexahedral or tetrahedral ele-
ments are generated using commercial software. The
desired mesh cannot be obtained directly. Therefore, the
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TABLE I
DISCRETIZATION DATA AND COMPUTATIONAL EFFICIENCY

Fig. 3. Time variations of head field.

improvement may be necessary. The upper and lower
yokes are subdivided into ten layers.

The generation of the mesh of such a complicated model is
time-consuming. Several days were necessary for generating the
mesh including the preparation time of data manually.

C. Head Field and Flux Density in Yoke

Fig. 3 shows the comparison of calculated results of head
field at the track center ( m, m,

m). Due to the eddy current, the head field is delayed in
a few nanoseconds with respect to the appliedmmf. The head

Fig. 4. Time variations of flux density in upper yoke.

field in high magnetomotive force region is not oscillated due to
the saturation of yoke material. The integration of flux density
along electron orbit shown in Fig. 2 has the similar tendency as
the head field.

Fig. 4 shows the time variation of flux density in the upper
yoke ( m, m). The flux densities in the top
( m) and bottom ( m) surfaces of upper
yoke are larger than that in the middle part ( m) due to
the remarkable skin effect. at m and 13.0 m are
more sensitive to the appliedmmfwaveform than the head field
and at 15.0 m. They are firstly increased, then decreased.
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Fig. 5. Detailed dimensions of pole tip.

On the contrary, at 15.0 m increases gradually with time.
Although the deviation of is slightly larger than that of head
field shown in Fig. 3, the deviation may be acceptable with the
exception of no. 4 and some parts around 15 ns of no. 3.4.

V. CONCLUSION

It is shown that the eddy current analysis of thin film write
head is possible by using the edge-based finite element method.
The difficulty of generating mesh and the extent of number of el-
ements and CPU time for such a write head, having very narrow
gap and pole tip of 1 m order, are clarified.

The result of this paper using the benchmark problem will
give useful suggestions for analyzing a thin film write head for
higher magnetic recording density, such as 100 Gb/in. The
development of combined method of ordinary macroscopic
analysis and micromagnetics theory is the future work for the
optimal design of high density write head using numerical
analysis.

APPENDIX

Fig. 5 shows the detailed dimensions of pole tip. Table II is
the typewritten data of the applied magnetomotive force.

TABLE II
APPLIED MAGNETOMOTIVE FORCE
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