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Thin Film Write Head Field Analysis
Using a Benchmark Problem

Koji Fujiwara, Fumiaki Ikeda, Akihisa Kameari, Yasushi Kansiember, IEEEKimio Nakamura,
Norio TakahashiFellow, IEEE Koji Tani, Member, IEEEand Takashi Yamad&ember, IEEE

Abstract—A benchmark problem has been proposed by the exciting winding

Storage Research Consortium (SRC) in Japan, for evaluating the 15
applicability of computer codes to 3-D nonlinear eddy current g ?.' 5
analysis of thin film magnetic recording write head. Various codes 4 L4 ‘ - yoke
using the finite element method are compared in terms of the Y= > 2 ' 56 ¢ = o/
write head field and the computational efficiency. The difficulty in W A ._/ T_ ‘
3-D mesh generation of thin film head is also discussed. The write =025 | = /
head fields calculated by various codes using different meshes ‘m > 4\0
show the fairly good agreement. The calculated write head fields ‘?& Ly
are verified by measurement using a stroboscopic electron beam 65
tomography. It is found that the calculation time strongly depends 75
on unknown variables. 100
Index Terms—Benchmark problem, eddy current, finite element 105
method, thin film write head. (a) thin film write head
1.0 ]
I. INTRODUCTION 0.8 //

HE MAGNETIC recording density increases by the ratio ~ 0.6

of 60% a year in recent years and the areal density of com- E 7
mercial hard disk drives has reached 10 Gb/iA roadmap 0417
shows that hard disk drives with the recording density of 20 0.2 /\ Hg = 1000 —
Gb/ir? will be on the market in 2001 and 80 GWfiin 2005. N1
In order to achieve high transfer rate, recording frequency is ex- 0 1000 2000
pected to be several hundred megahertz. In this situation, large _ H (A/m)
number of reports concerning the spin-valve read heads have (b) important parameters (¢) B-H curve (Mg =1T)

been found. On the other hand, write heads have rarely been
discussed Fig. 1. Benchmark model of thin film write head (2 GI#)n

In order to achieve a higher recording density of 20 Gh/in
in 2001, SRC was established in 1995 in Japan [1]. The Simumerical methods for magnetic field analysis. In this paper,
lation Working Group for Magnetic Recording in SRC has invarious 3-D FEM codes using edge elements [2] are applied to
vestigated a benchmark problem for magnetic recording wriige magnetic field analysis of thin film write head of the bench-
head analysis to evaluate the applicability of currently proposathrk problem. The head field is compared at the track center.
The difficulty in mesh generation and the behavior of flux den-
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the number of unknowns. This denotes that the CPU time can be

0.6 50
05 | saved by employing the scalar potentiahs unknown variable
’ 140 which decreases the number of ICCG iterations [3].
04} 130 In order to compare the CPU time between different environ-
03} ments, performance is measured using the same ICCG code and
02 120 _ linear equations obtained from a linear magnetostatic analysis of
z | 10'§ this model. The efficiency is calculated using the CPU time, the
g 0.1 = number of steps of no. 1 and the normalized performance. The
%007 08 efficiency of no. 2 is lower than that of no. 1. The main reason is
%_0‘1 ! 1 0@ that a shifted parameter for stabilizing the convergence charac-
g o2l s teristic of the ICCG procedure [6], [7] s fixed at 2.5. Its optimal
’ 1-20 value is about 1.2 for this calculation. The other codes determine
03¢ the optimal value automatically. Compared with nos. 1 and 3.1
.04 -30 which use the same mesh, no. 3.1 has much higher efficiency
05 40 than no. 1. This is, because the convergence characteristic of the
ICCG procedure in no. 3.1 can become a convex one by intro-
-0.6 0 5 10 15 20 25 30 3'5 4650 ducingA,., and the ICCG procedure can be terminated around

Time (ns)

Fig. 2. Applied magnetomotive force and integration of flux density alon
electron orbit (measured).

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
feason 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
current model. The detailed dimensions of pole tip and the types; cjear at present.

written data of appliednmfis described in the appendix.
The flux density at the track centerz ( = 0 pum,

Yy
flux densities at three points af = 13 um (bottom surface),
15 um (near center) and 17,/m (top surface) on the center
(x = 0 pm,y
investigated.

—1.0 um, = = 0.2 pm) should be examined. TheB, Mesh Generation

The mesh generation of such a thin head is not easy, because
30 pm) of upper yoke should also bethe difference in size between the pole tip{fin order) and
the whole yoke (10@:m order) is extremely large, and the skin

effect is remarkable due to the high frequency. It is required

[ll. 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.
type of unknown variables, number of elements, etc. are d
ferent. The codes of nos. 1, 2,4 and 5 employr A— ¢ method
[3]. In group no. 3,4 — ¢ or A 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 v, respectively. The
driving current is measured simultaneously by a current probe?2)
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.

1)

IV. RESULTS AND DISCUSSION 3)

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

to generate a mesh so that the element size increases gradually
from the pole tip to the whole yoke by avoiding the generation
qjhfclaat elements having high aspect ratio. Then, the following
\Ilfi_iI’IOUS kinds of mesh generators are applied:

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 onz — y plane, then 2-D region is subdivided into
quadrilateral elements. The 2-D mesh is piled indfd-
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 ofi, =
1000, ¢ = 5 x 10° S/m andf = 25 MHz (frequency
of fundamental harmonic of appliedm). By taking ac-
count of the skin depth, the upper and lower yokes are
subdivided into five layers.

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.
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 |
DISCRETIZATION DATA AND COMPUTATIONAL EFFICIENCY

group no. 1 2 31| 32 | 33 34 4 5

element shape hexahedron tetrahedron

no. of elements 61,089 100,109| 350,265 281,603

no. of nodes 65,670 105,078) 64,629 48,064

no. of unknowns 174,395 192,319] 307,802| 430,500 347,422

no. of non-zeros 2,846,205 3,874,349 5,845,937 4,508,037 2,805,536

unknowns A A-A, A-A-¢ A-¢

CPU time [h] 73.1 139.8 14.6 9.7 433 18.3 67.3 31.0

(no. of steps) (60) 57 (56) (55) (56) (55) (60) (59)

efficiency” 1 0.70 9.08 | 13.42 3.06 7.11 2.85 2.97

computer used” Alpha 21164A | Pentium II SUNULTRA 1 Pentium Pro | Alpha 21164A
600MHz 400MHz 167MHz 200MHz 500MHz

oS DIGITAL UNIX |Windows NT Solaris Windows NT | DIGITAL UNIX

ver.4.0E ver.4.0 ver.2.5.1 ver.4.0 ver.4.0B
performance” [s] 297.5 419.9 577.8 780.5 380.5
(normalized) (¢))] (1/1.41) (1/1.94) (172.62) (1/1.27)

*1: efficiency = {(CPU time of no.1) / (no. of steps of no.1)} / {(CPU time) / (no. of steps) * (normalized performance)}
*2: All machine have a single processor.
*3: Performance was measured using the same ICCG code and linear equations.

0.10 0.6 1.2 v 4 v .
no. 3.
] 1.0 z=13.0
0.08 035 o8 no. s
0.06 + 0.4 .8
0.3 0.6
0.04 ¢ 02 04
_ 0.02 | 0.1 § . 02¢
E £ E
S~ 0 . N~ O
@’ 0 % o z=15.0 (no. 1)
-0.02 | 1-0.1 ‘g -0.2
0.04 | 102 % 041 z=17.1 (no. 1)
{-0.3 -0.6
006 0.4 0.8
-0.08 -0.5 -1.0 ¢
-0.10 nos. 3.1, 3.2 0.6 12 . . ) . , ) ,
) 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time (ns) Time (ns)
Fig. 3. Time variations of head field. Fig. 4. Time variations of flux density in upper yoke.

improvement may be necessary. The upper and lowgi|d in high magnetomotive force region is not oscillated due to
yokes are subdivided into ten layers. the saturation of yoke material. The integration of flux density
The generation of the mesh of such a complicated modeldfng electron orbit shown in Fig. 2 has the similar tendency as
time-consuming. Several days were necessary for generatingtthe head field.

mesh including the preparation time of data manually. Fig. 4 shows the time variation of flux densiB, in the upper
i o yoke ¢ = 0 um, ¥ = 30 um). The flux densities in the top
C. Head Field and Flux Density in Yoke (z = 17.1 pm) and bottom £ = 13.0 zm) surfaces of upper
Fig. 3 shows the comparison of calculated results of hegdke are larger than thatin the middle partf 15.0 um) dueto
field B. at the track centers( = 0 pm,y = —1.0 pm, » = the remarkable skin effeck,s atz = 17.1 pmand 13.Q:m are

0.2 »m). Due to the eddy current, the head field is delayed more sensitive to the appliedmfwaveform than the head field
a few nanoseconds with respect to the appiiedf The head andB, at 15.0um. They are firstly increased, then decreased.
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TABLE I
(30 17.1) (19,17. 1)(16 1(61§)15;mt pm APPLIED MAGNETOMOTIVE FORCE

-

upper yoke

time mmf time mmf time mmf

(30,13) ms) | (Ae tuns)  (ns) | (Asturns)  (ns) | (Asturns)
’ (2, 6.9) 6.5 | -0.43088 180 046444 30.0 | -0.39338

7.0 -0.41681 185F 047850 30.5 | -0.50588

b (0, 4.5) 75| -0.30431 195 045975 31.0| -0.51056

0,04) 3.0] -0.05588 20.0] 045975 31.5] -0.49181

Y —e—e e 85| 0.17850 205] 0.45975 32.0| -0.46369
(30,0) lower yoke (2,040, 0 50| 031444 21.0] 046913  32.5] -0.44963
* b (0,-3.4) 95| 0.38006 21.5| 0.46444 33.0| -0.43088
(30,-3.4) @ & 2) 100 037538 220] 0.46444 335 -0.42150
(30, 30) ’ . 10.5] 0.34725 225| 045506 34.0| -041213
11.0| 0.37538 23.0| 0.46444 345 -0.40744

\ 115| 044569 235 0.46444 35.0 | -0.40275

12.0] 0.49256 2401 0.46444 35.5) -0.41681
12.5| 0.48788 24.5] 045975 36.0] -0.43088
13.0] 0.45506 25.0] 0.45975 36.5] -0.43088
13.5] 0.42225 25.5) 0.45975 37.0] -0.43088
14.0] 0.42694 26.0] 0.45506 37.5] -0.43556
14.5] 0.43631 26.5] 0.45038 38.0] -0.43088
15.0] 045975 27.01 041756 38.5] -0.43088
15.5] 0.45975 27.5] 0.31444 39.0 ] -0.44494
16.0] 0.45975 28.0] 0.13163 39.5] -0.43088
16.5] 0.45506 28.5 1 -0.00900 40.0 | -0.44025
17.0] 045975 29.0] -0.11681

17.5] 0.45975 29.51 -0.23869

upper yoke

(4, 1.35) (0, 1.35)

(30,0 ®) &) 0,0
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