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Abgract — The magnetic fied didribution in thin-film recording head consdering the skin-effect hasbeen
sudied using three-dimengond transmisson line modd (TLM). In thismodd, the thin-film recording heed
is divided into smdl region, dement, and the node is placed a the center of dement. Each nodes are
connected by dectric impedance R/L saries network is composed and magnetic fidd digribution
according to various frequency can be cdculaied by solving the network eguaion gpplying KCL and
boundary condition.
Introduction

Accurate Smulation of thethin-film recording head is complicated and difficult because dectromagnetic
induction causng by the conductivity of the head meterid. For the prediction of head performance, the
ample gpproach usng an equivadent drcuit with lumped parametes is not sufficent, especidly for the
modd having skin-effect. Use of numericd method, such as Finite Element Method(FEM), provides
accurate results but FEM is very hard to modding and time consuming for the three-dimensiond eddy
current problems like as thinfilm head. In this pgper, we present another method, three-dimensond
TLM. In this gpproach, we use dectric impedance nework to andyze the magnetic fidd of thin-film
head[1]. Andyssregionisdivided into smdl hexahedrons, dement, and the node is placed a the center of
eement. Each nodes are connected by inductive and resstive dectric impedance which caculaied usng
measured anisotropic complex permeghility. Proposad method, three-dimengond TLIM, has been verified
by comparison with results obtained from three-dimensona FEM.
M agnetic Circuit Model
Hexahedron dement and dectric circuit network is shown is shown in Fig.1.
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Fig. 1 Hexahedron ement and dectric circuit network
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The presence of eddy current in magnetic drcuit can be calculated usng complex permeghility and the
node equation is given by [2]

Fhlmk: LLM(ULLLK'ULM' Eruk) (D

where U is magneto-mative forcg Fis flux, E is exiting magneto-moative force and Y is
admittance of megnetic dreuit. The vaues for the resgtance and inductance are represanted in terms of

complex permesbility by [1]
mrﬂﬁ miﬂu
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where |, isthe distance between the nodesand A, is the cross area.

Analysis Result

The andyss modd for TLM has 4329 emements and 111 nodes. Fg.2 compares the 3D TLM and 3D
FEM reaults of the flux dengty according to the frequency. Hux dengty digtribution dong head surface a
100[mHZ] isdso shown in Fig. 3. Fig.2 gives evidence of the utility of the 3D TLM.
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Fig. 2 flux dengty vs. frequency by TLM and FEM Fig. 3 flux dengty digtribution
aong head surface
Conclusion

Three-dimendond transmisson line modd technique was presented and we have shown thet it engble
usto compute reliable flux dengty distribution comparing with the results obtained 3D FEM. In spite of the
smplicity of the concept, if we know the complex permestiility of the materid, this method is useful to the
thin-film head analysis having eddy current. Theseresultswill be checked experimentaly in futurework.
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