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LAMINATED PLATED POLE PIECES FOR THIN FILM
MAGNETIC TRANSDUCERS
B-ACKlGROUND OF THE INVENTION

Field of the Invention:

This invention relates to the field of magnetic recording. More
: speciﬁcélly, this invention relates to thin film heads or data transducers that
: fly or move closely adjacent to the surface of magnetic recording media on
which a magnetic bit pattern is to be written by the head, or which contains a
previously written magnétic bit pattern that is to be read by the head. This
‘invention relates to Iaminated and plated yokes, poles, or pole pieces that form

the data transduéing magnetic structure of a thin film head.
Description of th_e Related Art:

Thin film magnetic headé are generally known in the art. An article
entitled NEXT-GENERATION POLE MATERIALS FOR MAGNETIC |
RECORDING HEADS, pages 61-66 of the publication DATA STORAGE.
September 1996, describes thin film heads. An article entitled MR READ
HEADS FOR TAPE DRIVES at pages 71-76 of that same publication
describes MR heads.

U.S. Patent 5,493,464, to Koshikawa, incorporatgd herein by reference.
describes a sharing type thin film magnetic traﬁsducer that includes an
inductive write héad and an MR read head within one unitary assembly. This
device is made up of three pole pieces, the intermediate one of which is shared
by a read gap and by a write gap. The pole pieces of this head are not

laminated.
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A valuable utility of the present invention is to form one or more of the
pole pieces of such a sharing tvpe thin film magnetxc transducer: for etample
the shared pole piece. as laminated pole pieces that are constructed and

arranged in accordance with the present invention.

Laminated pole piece thin film heads are known wherein adjacent
magnetic pole laminations or layers are not separated by an electricallj)""
insulating layer as is required by the present invention. 'Examples are U.S.
Patent 5,379,172 to Liao. U.S. Patent 5,264,981 to Campbell U S. Patent
4.190.872 to Jones et al, U.S. Patent 4.610.935 to Kumasaka et al. U.S. Patent
4,748.089 to Kumasaka et al; and (4) European Patent Apphcanon 0247868 to

Kobayashi et al.

It is known that the high frequency magnetic permeability of
electrically conductive pole pieces that are within a thin film data transducer ©
is enhanced by limiting the pole piece material thickness to be less than about
two times the material’s electrical current skin depth at the transducer’s
operating frequency. By way of example. it is known that at an operatmg
frequency of about 50 mega hertz, the skin depth of an nickel/iron (NiFe) pole

piece is about 7000 angstroms.

However, for thin film heads having NiFe yokes, poles or pole pieces.
this ideally thin situation requires the NiFe pole pieces be pr'ohibit.it.'ely“th'in.
for example only somewhat greater than about 14000 angstroms for an |
operating frequency of about 50 mega hertz. These thin pole pieces, however. |
provide inadequate conductance of the read or write magnetic flux that is

required to flow within the pole pieces.

A solution to this inadequate magnetic flux conduction problem is to
laminate the NiFe pole pieces, so as to provide at least two magnetic layers for

each pole piece, wherein the two magnetic layers are separated by an
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electrically insulating layer.. To date. the use of laminated pole pieces has
been plagued by electrical short circuits that occur between the two adjacent

magnetic layers during manufacture of the laminated pole pieces.

By way of example, this lamination short circuiting problem occurs due

~ to side wall redeposition that occurs on the magnetic layers during an ion

milling process that is conventionally used to remove a plating seed layer

upon which a top magnetic Ia&er has been plated or deposited. This
electrically conductive shorting circuit path of redeposned platmg seed
material is generally quite thin but it is usually greater than about 30 |
angstroms thick. As a result. this redeposxted platmg seed path constitutes a .'
relatively low resistance path that provides for the undesirable conduction of "
eddy currents between the two magnetic layers Thxs eddy current flow - |
operates to defeat the initial purpose of provxdmg two thin laminated magnetic
layers, in that the two layers operate as a single thicker layer in the presence |

of this eddy current flow.

The need remains in the art for appara:tus and/or methods that enable
the manufacture and subsequent use of laminated yokes, poles or pole pieces
within thin film magnetic MR heads, thin film inductive heads, thin film
shared heéd_s, and thin film shared MR/inductive heads, wherein eddy current
flow between the magnetic layers of the laminated yokes. poles or pole pieces
is eliminated, or at least greatly reduced. More specifically, the need remains
in the art for a new and unusual head manufacturing process. and resulting
head structure, that enables the head to operate at high freqﬁencies with the
advantages that are provided by thin film electrically conductive pole pieces

whose individual magnetic thin film thickness is limited to be only somewhat

greater than twice the pole material’s electrical current skin depth at the

head’s operating frequency.
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SUMMARY OF THE INVENTION

In accordance with this invention. éppar_atus/r_nethods are provided for
producing or manufacturing laﬁ\inated-pole—piece. thin film, m-agne’t heads.
This invention enhances the high frequency performance of thin ﬁlin heads.
including MR thin film heads. inductive thin film heads, and combmanon R
MR/inductive thin film heads.

As used herein the term thin film or magnenc metal thin filmis =~
intended to mean a thm layer that is generally i in the range of from about 100
angstroms (A) to about 50.000 A thick.

Ina preferred embodiment of 'the invention, at least one pole piece of a

thin film head was formed of two thin film layers of a2 magnetic maferial. such

as NiFe or more specifically Nig,Fe,,, wherein each magnetic material layer”
was about 20,000 A thick. and wherein these two magnetic material layers
were separated by an intermediate electrically insulating layer. suchasa

ceramic, an oxide of NiFe. or alumina (Al,0;, that was about 100 A thick. '

As used herein, the term thin film head is intended to mean a single

track or a multiple track, read head, write head, or combination read/write

head, inductive head, or MR head. having at least one thin film magnetic flux
path circuit that is formed of a magnetic metal by way of known ;

photolithography and thin film plating techniques.

In a write inductive head, the magnetic flux that flows in the magnetic
metal circuit path is induced by é write current that flows through a coil that is
assoclated with the magnetic flux path. The magnetic flux path includes a
write gap that is located closely adjacent to magnetic recording media that

moves relative to the head. At the location of this write gap, magnetic flux

¥
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bridges the write gap and fringes so as to pass through the recording media.

thereby recording a magnetic bit in the recording media.

In a read inductive head. the magnetic flux that flows in the magnetic
metal circuit path is induced by the fringe magnetic field that is generated by
a magnetic bit pattern that is carried by magnetic recording media that moves
relative to the closely adjacent read gap. This fringe'magnetic flux passes
through the head’s magnetic flux path and opérates to induce a current in a

read coil that is associated with the magnetic flux path.

In an MR read head. a structﬁret that is functionally similar to the
above-described inductive read head is provi-de.d. However. in this case the
magnetic metal circuit path is associated with an MR element; i.e., an element
whose resistance chariges in the preSex{ce of magneiic ﬂ.ux._ ‘Magnetic flux that
flows through the magnetic circuit path influences the resistance of the MR
element, and this resistance cl'aan'ge eﬁables t'_hel;reading of the magnetic

recording media’s bit pattern.

This invention provides for the more reliable manufacture of laminated
thin film head yokes, poles, or po'le pieces by means of a magnetic material
layering construction and arfangemént that prevgnts low resistance electrical
short circuits from forming between the adjacent and electrically insﬁlated
magnetic metal layers of the pole pieces. More specifically, the present
invention operates to prevent electrical short circuits from forming at the

edges of the adjacent magnetic metal layers of a laminated pole piece.

In one embodiment of the inveniion, a first thin film magnetic layer.
about 20,000 A thick, is formed using éonventional deposition processes. A
relatively thick and hard-baked photoresist _layer (i.e., baked at about 265
degrees C, so as to render the photoresist a permanent ,ban of the head) is then

selectively formed only around the boarder or edges of this first magnetic
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layer. thus leaving a major portion of the top surface of the first magnetic
layer exposed. An alumina electrically insulating layer is then sputter
deposited over the top surface of the first magnetic layer and over the hard-
baked photoresist layer. This is fellowed by the sputter deposition of a very
thin plating seed layer, for example, NiFe. A second magnetic thin film layer
is then electro-deposited on the plaiing seed layer. using the same

conventional processes as were used in depositing the first magnetic layer.

In this four-layer metal/insulator/seed/metal construction and
arrangement, the hard baked photoresist layer that is located intermediate the
first and second magnetxc lay ers. but only around the outer edge or boarder of*

the first magnetic-layer. results in blocking edge short circuiting between the

~ two thin film metal layers durmg--a subsequent ion beam etching process that
_is used in a'well known manner to remove the plating seed layer from the

region that are not occupied by the top metal layer; i.e.. by the top pole

member.

In another embodiment of the invention, edge short circuiting is
minimized between the two magnetic metal thin film layers by a construction
and arrangement wherem edge dlsposed eddy currents are reduced to an-
insignificant magmtude by allowing a small residue or filament of the plating °
seed layer (NiFe) to extend between the lower or first magnetic layer and the
top or second magnetic layer. This filament, or filaments, of residual platmg
seed layer is long and thin. As a result, the electrical resistance of the
filament(s) is much greater than the electrical resistance of the two magnetic
metal layers. Eddy currents are therefore reduced by a large factor as a result -

of the high resistance of the long and thin plating seed layer filament(s).

More speciﬁeélly, in this second embodiment, the edges of the second

or top magnetic thin film layer are horizontally set back or positioned from ~



. WO 98/29868 PCT/USY97/24199

10

(2]
w

the corresponding underlying edges of the first or bottom magnetic thin film
layer by a greater distance than is conventional. As is well known. plating
seed layers are used to facilitate the plating of both the first and second

magnetic layer. In accordance with this embodiment of the invention. a

plating seed layer is left in place in the vicinity of the first and second plated

layers or laminations. after plating the top magnetic layer. While it is true
that this residual plating seed layer may provide a degree of electrical
conductivity between the first and second magnetic layers. the resistance of
this residual plating seed layer circuits is very high, and flow of any '
significant amount of electrical eddy currents between the first and second

magnetic layer is prevented by this high resistance.

In accordance with preferred embodiments of the invention, the first or
bottom magnetic metal thin film layer may carry a thin Nickel/Iron oxide
layer, about ;--100 A thick in place of the above ciescribed Al,O; or ceramic
layer, this Nickél/Irp_n oxide layer being deposited using an oxygen plasma

ash process.

The apparatus/methods of this invention not only enables the use of

very thin electrical insulating or ceramic layers between two adjacent

magnetic thin film layers, but in addition. adequate electrical isolation may be
-prbvided by the native Nickel-Iron oxide layer that is on the top surface of the

first or bottom magnetic thin film layer.

The present invention contemplates that the above-described first and
second mégnetic metal thin film layers; as well as the above-described pléting
seed layer, that are within the head’s poles or pole pieces comprise a
ferromagnetic maieriai. and preferably an alloy of nickel and iron, such as

NiFe. This metal alloy NiFe is known as having high magnetic permeability.
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An example is the brand Permalloy that comprises about Ni-, , and about

Feys. .

These and other objects. advantages and features of the present
invention will be apparent to those of skill in the art upon reference to the
following detailed description. which description makes reference to the

drawing.

BRIEF DESCRIETIO_N OF THE DRAWING

FIG. 1 is a side se_ctibn; view of an MR read head wherein both pole

pieces are laminated in accordance with the invention.

FIG 2 is a side section view of an inductive read or write head wherein

both pole pieces are laminated in accordance with the invention.

FIG. 3 is a side section‘view of a combined MR read head and
inductive write head wherein only the middle, intermediate. or shared pole

piece is laminated accordance with the invention.

FIG. 4 is an enlarged air bearing surface (ABS) view (see arrow 401) of
only pole piece 11 of FIG. 1. This figure will be used to 'explain a firét
embodiment of the construction and arrangément of pole pieces 11 and 14 of
FIG. 1, pole pieces 111 and 112 of FIG. 2, and shared péle piece 270 of FIG.
3.

FIG. 5 is an enlarged Air Bearing Surface (ABS) view (see arrow 401)
of only pole piece 11 of FIG. 1. This figure will be used to explain a secohd
embodiment of the construction and'arrangément of pole pieces 11 and 14 of
FIG. 1, pole pieces 111 and 112 of FIG. 2, and shared pole piece 270 of FIG.
3.



. WO 98/29868 PCT/US97/24199

wn

10

20

DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 provides a simpliﬁed showing of ah MR head 25 that includes
the present invention. In this figure. a magnetic flux ferromagnetic metal
circuit path is provided by a first pole piece 11, and a second pole piece 12.
The two pole pieces 11.12 are spaced from each other by way of a

nonmagnetic and dielectric layer 13, so as to form a read or transducing gap

22,

~ Gap 13 includes a we“-kndwn MR:element 24. Relative movement 26
is provided between MR head 25 and magnetic recording media 23. for

example the planar top surface of a floppy disk 23.

Head 25 also includes a substrate member 10 and an encapsulant
member 21 of well-knde cqri_structio_ﬁ a@d “arrangemem. In accofdanc'e’ with
the present invention. the t\'vo._pole' pié_r;jes I 1,12 are each formed a laminated
construction. More spéciﬁcally. pole piec_ie 11 comprisés (1) a gap-adjacent
magnétic metal layer 16__, (2) an iﬁtermediéie electricélly insulating and
dielectric layer 15, and (3) an outer magnetic metal l_ayér 14, Likewise, pole
piece 12 comprises, (1) a gap-adjacent magnetic metal léyer 20.(2) an
intermediate electrically insulating .and dielectric layer 19 and (3) an outer
magnetic metal layer 18. Ina preferfed embodiment of the invention. layers
14,16,20,18 are forrﬁed of the same .mat_eri-al, preferabiy NiFe. and layers

15,19 are formed from the same material. preferably alumina.

FIG. 2 provides a=s'impl-iﬁed showing of an inducti_ve’ head 125 that

includes the present invention. In this figure. a magnetic metal circuit path is

provided by a first pole piece 111 and a second pole piece 112. The two pole
pieces 111,112 are spaced from each other by way of a nonmagnetic and
dielectric layer 113 and a transducing gap 122. A coil 160 is associated with' '

the magnetic flux circuit that includes pole pieces 111,112. Relative
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movement 26 is provided between inductive head 125 and mdgnetic recox"'di"ng :
media. for example the top planar surface of an elongated magnetic recordihg i

tape 123.

As with head 25 of FIG. 1. head 125 includes a conventional substrate :
member 110 and an encapsulant 121. . In accordance with the present
invention, the two pole pieces 111,112 are each formed a laminated
construction. More specifically, pole piece 111 comprises (1) a gap-adjacent ”
magnetic metal layer 116. (2) an intermediate electrically insulating and ~ ~
dielectric layer 115, and (3) an outer magnetic meté_l layer 114. Likewise. =
pole piece 112 comprises, (1) a gap-adjécent magnetic metal l"aver 118. (2) 'hn X
intermediate electrically msulatmg and dielectric layer 119, and (3) an outer
magnetlc metal Iayer 120. In a preferred embodlment of the xnvennon layers - |

114,116, 118 120, are formed of the same materxal preferably NiFe. and lax ers™

. 113 119; are formed from the same material, preferably alumina.

FIG. 3 provides a simplified showing of a combination head 225 having -
a pole-sharing inductive write gap 2.50, and a pole-sharing MR read gap.222°
In head 225,- only the center or intermediate shared pole piece 270 is
constructed and arranged in accordance with this invention. However. it'is to
be noted that all thrée pole pieces of head 225, or any two pole pieces of head -
225, or any one pole piece of head 225, can be laminated in aécor_da'nce with

the spirit and scope of the present invention.

The FIG. 3 construction and arrangement provides a read gap
associated, magnetic metal, pole .pi_ece 214, preferable formed of Permalloy.
and a write gap, associated. magnetic metal, pole piece 219, again preferably
formed of Pérmalloy. In the head 225, as shown in FIG. 3. the two pole :
pieces 214,219 are not laminated. A head of th¢ FIG. 3 type can be'used. for

example, in a read-after-write environment.
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An intermediately located and shared pole piece 270 is laminated in
accordance with this invention. so as to have (1) a read-gap-adjacent magnetic
metal layer 271. (2) an intermediate electrically insulating -and dielectric layer
272. and (3) a write-gap-adjacent magnetic metal layer 273. Ina preferred
embodiment of the invention, layers 271.273 are formed of the same material.

preferably NiFe. and layer 272 is formed of alumina.

FIG. 4 is an enlarged Air Bearix{g Sﬁrface (ABS) view that is taken in“
the direction indicated by arrow 401 of FIG. l.l FIG. 4 shows only the ABS |
iriew of FIG. 1’s pole piece 1]. Hov&ever, FIG. 4 is an accurate showing of a
first embodiment of the cdnstruction and a'rt:angement of pole pieces 11 and 14
of FIG. 1. pole pieces 111 and 112 of FIG. 2. and pole piece 270 of FIG. 3

Pole piece 11 is shown as having (1) a first or bottom magnetic metal R
layer 14. (2) a second or top magnetic metal:layer 16, (3) an electrically
insulating dielectric layer 15, and a plating seed layer 415. An important
characteristic of layer 15 is that while it has a -rela_tive_ly.-h.igh electrical
impedance. it has a relativély low magnétic fmpedance because it is very thin.

i.e. about 100 A in the X-direction.

Metal layers 14,16 are thin ﬁlm.l_ayers, each having an exemplary X-
direction thickness of about 20.000 angstroms. An exemplary Z-direction
width of layers 14,16 is about 44 microns, toﬁ layer 16 being perhaps one or
two microns smaller in this Z-direction than bottom layer 14. As will be '
appreciated, this Z-direction width is to be almost as wide as the pole is Ionq

in the Y-direction in order to minimize magnet:c 1mpedance

Metal layers 14,16 are separated by a very thin, electrically
nonconductive or insulating layer 15. An exeinplary X-direction thickness of

layer 15 is about 100 angstroms. Intermediate insulating layer 15 is
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12
preferably a very thin ceramic or a ceramic-like material. such as aluminum
oxide (Al,0,). The top surface 416 of insulating layer 15 is coated with a
plating seed layer 415, preferably NiFe, that accommodates the plating of top

magnetic layer 16.

In the FIG. 4 embodiment of the invention, all vertical or X-direction
side edges. such as the two side edges 402,403, of bottom magnetic layer 14

are covered with a relatively thick layer 400 of a hard baked photoresist. That

is, photoresist 400 has been heated to a relati,vély high temperature. so as to

convert photoresist 400 to a solid plastic state that cannot easily be removed.
as photoresist is conventionally removed in known photolithographic

processes.

The boarder or edge fdiséosed hard ba_:l.tedl photoresist member 400
covers a smaﬁl Z-direction boafder porti¢n' 410 {)f the top surface 411 of
bottom magnetié layer 14_; thus leaving the 'n;'llajor center portion of top surface
411 exposed.. The X-direction thicknéss of this boarder portion 410 of hard

baked photoresist 400 is very small; for example, about 1 micron thick.

In an alternative embodiment. insulating layer 15 may include a NiFe
oxidized upper surface 411 of bottom NiFe magnetic layer 14 that has been
oxidized in an oxygen plasma asher device prior to deposition of photoresist

fringe 400 and plating seed layer 415.

In the construction and arrangement of FIG. 4, edge shorting or
electrical _shori circuiting, for example edge 420 shorting to the underlying
edge 402, does not océur during an ion beam etch manufacturing step (to be
described) because edges 420,402 are protected or covered by hard baked

photoresist member 400.
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While the means whereby layers 14.15.415.16 are deposited or plated is
not critical to this invention, an embodiment of the invention that includes

providing a hard baked photoresist region 400 is as follows.

'As a first step in the manufacture of pdle piece 11 of FIG. 4. a sputter
deposite_d_sheet of.NiFe (not shown) forms a first plating seed layer for the
electro-deposition of the first NiFe magnetic layer. 14. Then a photoresist
mask or layer (not shown) is patterned”onto the tob of this first plating seed
layer. This photoresist mask is patterned so as to'facilitéte the plating of
NiFe. (for example 81% Ni, 19%) layer 14 to an X-direction thickness of
about 20,000 A. As will be appreciated,_a. relatively larg_e. wafer 10 is usually
used to facilitate the simultaneously manufacture of a nu_mbér of thin film
heads in accordance with this invention. This known aspect of head
manufacture will not be described herein. As is ;onventional, the plating of
NiFe layer 14 may include the use of current thief 'el_emehts that_opefa'ie to

control plating current density.

After NiFe layer 14 has been pl_z:;ted. the aboVe-described photoresist
mask is stripped or removed, and the pérts of the first plating seed laver that
are thus exposed are removed by ion milling. Thén; all generally vertically
exténd_i_ng side edges of NiFe layer 14,' such as the two side edge 402.403 that
are shown in FIG. 4, are coated with a photoresist that will comprise an
integral portion of the finished pole piece 11. This photoresist is now hard
baked, fo thereby cover and electrically isolate the side edges of NiFe layer 14

with hard baked photoresist member 400.

‘Alumina layer 15 is now c'oated, or'sheet-dép’ositéd,'dnto both the top
exposed surface 411 of NiFe layer 14, and onto the top surfaces 441 of hard

baked resist member 400. Thereafter, a second plating seed layer 4135,
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preferably NiFe. is sputter deposited on the top surface 416 of alumina layer
15.

A second photoresist mask (not shown) is now provided to enable the
plating of the top NiFe layer 16 of pole piece 11 to an X-direction thickness of i
about 20,000 A. After NiFe layer 16 is plated, this second pho‘ioresist mask is !

striped.

Thereafter, ion beam etching or milling, as represented by arrows 480
in FIG. 4. operates to remove the exposed portions of second plating seed
layer 415, and to trim and perfeé; the Y-Z planar shape of the top NiFe layer

16. An example is ion beam milling using argon atoms. As will be

.appreciated. by those of skill in the art, ion milling 480 may take place at a

number of different aﬁgles,_ and not '.only at the"i"elatively normal angle that is
shown in FIG. 4. This ion rﬁifling step will likely remove all. or a major

portion of. the ekposed second p'latihg seed layer 415.

-This ion milling material ré_mpval operation also generally uniformly
removes a small portion of the upper surface of NiFe layer 16 and the small

and exposed upper surface of alumina layer 15.

In the prior art, this last described ibn milling step resulted in the
removal of a small portion of the top magnetic metal layer 14, and the
redepositing of this removed material as a shorting bridge across insulating
layer 15 and as an electrical éonnéctibn between metal layers 14 and 16.
However, since hard baked photoresist member 400 operates to cover and |
isolate the side edges of NiFe layer 14, undesirable electrical short circuits do

not occur between NiFe layer 14 and NiFe layer 16.

The two NiFe layers 14.16 now provide a laminated magnetic flux path

for pole piece 11, the effective X-direction thickness of pole piece 11 being
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generally 40.000 A, and the four Y-Z plane surfaces of the two NiFe layers
14.16 providing a total of 28.000 A of effective skin depth at a head operating -

frequency of about 50 mega hertz.

FIG. 5 is an enlarged Air Bearmg Surface (ABS) view ofa pole piece
511 in accordance with another embodiment of this inv entlon FIG. 5 is taken
in the direction indicated by arfow 401 in FIG. 1. FIG. 5 is an accurate
showing of a second constructlon and arrangement of pole pieces 11 and 14 of

FIG. 1, pole pieces 111 and 112 of FIG. 2 2, and pole piece 270 of FIG. 3.

In this sec_ond embodiment of the invention, the eddy current electrical
circuit path between the two NiFe thin film pole piece larhinations 14.16 is
not totallv blocked, as in the embodxment of FIG. 4 Howe\ er the magnitude
of any eddy current that may flow is reduced toa leVel whereat the

advantageous effects of thin film lammated pole pxeces remains.

The FIG. § embodlment of thls mvennon is espec:ally useful when the
laminated thin film pole piece topography is not planar as with laminated thin
film pole piece 112 of FIG. 2

In this embodiment of the invention, alumina layer 15 is deposited on
the top surface 585 .of the first or bottom NiFe thin film layer 14 in the

absence of the photoresist boarder -portidn layer 400 that is shown in FIG. 4.

Pole piece 511 of FIG. § is showd as having (1) a first or bottom
magnetic metal layer 14 of NiFe or Permalloy, (2) a second or top magnetic
metal layer 16 of NiFe or Permalloy, (3) an insulating layer 15 of alumina.,
NiFe oxide, and/or ceramic on top of bottom NiFe layer 14, and (4) a plating

seed layer 515 of NiFe or Permalloy on top of insulati_ng layer 15.
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NiFe layers 14.16 are thin film layers. each having an éxempl'ary X-
direction thickness of about 20.000 A. An exemplary X‘-dir’ecti'on' thickness of
alumina layer 15 is about 100A. In this embodiment of the invention. bottom
NiFe layer 14 is intentionally formed so-as to have a Z-direction width that is
sieniﬁcantly greater than the Z-directidn Width of the top NiFe layer 16. For
example. layer 14 is about 44 microns wide, whereas layer 16 that is qenerally
centered upon layer 14 is about 36 microns wide. As a result. about a 4
micron wide portnon of layer 14 extends outward beyond each edge of lay er
16, for example see distance 581 in FIG. 5. ‘As will be apparent. this :
relatively long length 581 by which underlying portions of bottom NiFe laver

- 14 remain exposed is critical to the operanon of this embodlment of this

invention.

The top surface 516 of alumma msulatmg laver 15 carries a plating
seed layer 515, preferably NxFe, that accommodates the plating or electro-
deposition of top NiFe layer 16. As will be explamed in this embodiment of
the invention, two thin and long residual portlons or filaments 570 of NiFe
plating seed layer 515 are allowed to short between top NiFe layer 16 and
bottom NiFe layer 14. However, these residual filaments 570 of NiFe plating:
seed layer 515 are'!ong enough in the Z-direction (see din_\enéion 581)t0
provide an electrical resistance for filaments 570 that is much greater than the
electrical resistance of NiFe thin film magnetic layers 14.16. Thus. eddy
currents that attempt to flow in a circulaf manner in the plane of FIG. 5. and
through the series circuit path 16.570,14,570,16, are reduced greatly in-
magnitude due to the high resistance of the two filament portions 570 of this

current path..

While the means whereby the various layers of FIG. 5's pole piece 511
are deposited, or plated, is not critical to this invention. an embodiment

thereof follows.
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First. a plating seed layer or sheet 517 is sputter deposited onto the top
surface 582 of substrate member 10." A first photoresist mask (not shown) is
now patterned onto the top surface 518 of plating seed layer 517. This first
photoresist mask is patterned so as to facilitate the plating or electro-
deposition of NiFe, (for example, 81% Ni, 19%) layer 14 to an X-direction
thickness of about 20,000 A. Again. a rel'atively large wafer 10 is usually
used to facilitate the simultaneously manufacture of a number of thin film
heads in accordance wrth this i mvenuon and the plating of NiFe layer 14 may
mclude the use of current thief elements that operate to control plating current

density.

After NiFe layer 14 has been piated the above-described first
photoresist mask is striped or remov ed Then, the non-plated regions of
plating seed layer 517 (1 e. the regions that are not covered by layer 14) are

removed by ion milling.

Alumina layer 135 is now -sputter depbsited onto the top exposed surface
585 of NiFe layer 14. A second plating seed layer 515 is thereafter sputter |

deposited on the top surface of alumina layer 15.

A secorx'd photoresist mask (net shown) is now _provid__ed to enable the
plating of the top NiFe layer 16 of pole piece 511 to an X-direction thickness
of about 20,000 A. After NiFe layer 16 is 'plated, this second photoresist mask

is striped.

A third photoresist mask 590 is now placed over pole 511 as above

formed. In FIG. 5. this third photoresist mask 590 is shown in dotted lines to

indicate that mask 590 will be removed at a latter step in the process of

making pole piece 511.
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Thereafter, ion beam etching or milling. as represented by arrows 580
in FI1G. 5. operates to remove all. or at least 2 major portion of, the exposed
NiFe plating seed layer 515 that is not covered by photoresist mask 590. The
remaining filament portions 570 of plating seed layer 515 each comprise lon"g |
and thin NiFe filaments. or threads. that extend between and interconnect the
two NiFe layers 14.16. For 'exa'mple, NiFe filaments 570 that are about 0.1
micro thick in the X-direction, and about 4.0 microns long in the Z-direction

(see dimension 581). This third photore_s'ist mask is then removed.

The two NiFe layers 14,16 now provide a laminated magnetic flux path
for pole piece 511, the effective X-direction thickness of pole piece 511 being
generally 40.000 A, and the four Y-Z plane surfaces of the two NiFe layers
14.16 providing a total of 28,000 A of effective skin depth at a head operatin”g.

~ frequency of about 50 mega.hertz. :

The FIG. 5 embodiment of this invention does not totally block current
flow between the two magnetic metal thin film layers 14,16, as is achieved in
FIG. 4. However, the two NiFe filament portions 570 of FIG. 5°s plating seed
layer 515 are thin in the X-direction and long in the Z-direction. As a result. -
the electrical resistance of NiFe filament portions 570 is much greater than the’
electrical resistance of magnetic metal thin film layers 14.15. Asa result of
the relatively high electrical resistance of the two NiFe filaments 570. eddy
currents of only a very low magnitude flow thfo,ugh the series circuit (CCWin~
FIG. 5) that comprises top NiFe layer 16, NiFe filament 570, edge 586 of
bottom NiFe layer 14, bottom NiFe layer 14, edge 587 of bottom NiFe layer
14. and NiFe filament 570 back to NiFe layer 16.

Eddy currents that may flow through NiFe filaments 570 and between
NiFe thin film layers 14,15 in the FIG. 5 embodiment of this invention. are

therefore reduced in magnitude by a large factor from that which would be
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experienced in the case of a prior art dead electrical short that existed between
NiFe thin film layers 14.15 as a result of material redeposition during ion

milling.

The criteria to establish this very low magnitude eddy current end

result is expressed by the followmg relationship;
A times (B/C) is much greater than D _?imes (E/F). where
A is the resistivity Pf plating seed layer 515,
B is the Z-direction léngth of platiné seed ﬁlaments 570;
C is the X-direction thickness of plating seed ﬁiaﬂzents 570.
D .is the resistivity of magnetic .layers .-.14.16.
E is the Z-direction width of naftow -t_qp-;magnetic _layers.16. and
F i.§ the X-direction thickness of narrow top magnetic layer 116.

In the above equation, resistivity factors A and D are included to take
into account the fact that electro-deposited thin film magnetic layers 14.16
may not be formed from the same type of magnetic material as is plating seed
layer 515 that forms the two above described high resistance shorting

filaments 570.

In the above description of the formation of laminated pole pieces in
accordance with this invention, it has been described that a non-magnetic.
electrically insulating Al,O, layer is sputter-deposited on top of the bottom or
first NiFe thin film layer, and a second magnetic plating seed layer of NiFe is

then sputter-deposited on top of this Al,O, layer.
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| While these two sputtering steps can be accomplished using two
different sputtering machines. ‘it is desired that these two sputtering operations
take place sequentially within the same sputtering machine. and within the
same vacuum pump down cycle of that machine, by sequentially moving a

wafer from an A,O, target to a NiFe target.

The present invention has been described in detail while making
reference to preferred embodiments thereof. It is to be a;ipr'eciated that those
skill in this art will, upon leaming of the present invention, readily visualize
yet other embodiments that are within the spirit and scope of the invention.
Thus. the forgoing detailed description is not to be taken as limiting the spirit

- and scope of the invention. =~ = —

What is claimed is:
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data transducing head. said head having a nonmagnetic and electrically
nonconductive substrate member. said substrate member having a first surface
for physically supporting said laminated pole piece. said laminated pole piece

5 comprising:

a first contiﬁuous_'thip{'ﬁlm. léyer of. magnetically pefmeable metal;
said first thin film metal Iaye_r being deposited on said ﬁrst surfaée;
said first thin film metal layer haying a second_surface;

said first thin film metal layer having side edges extending from said ©

10 second surface to said first surface;
a continuous, hard baked, photoresist member: -

said hard-baked photoresist member having a first portion that

completely covers said side edges of said first thin film metal layer:

said hard-baked photoresist member having a second portion that
15 completely covers only boarder portions of said second surface that are

adjacent to said side edges of said first thin film metal layer;

said hard-baked photoresist member having a third portion that
completely covers only boarder portions of said first surface that are adjacent

to said side edges of said first thin film metal layer;

20 said hard-baked photoresist member operating to leave a center portion

of said second surface uncovered of photoresist;
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a continuous thin film electrically insulating layer:

said electrically insulating layer having a first portion that completelv

covers said center portion of said second surface:

3 - said eleétricéll_v insulating layer having a second portion that covers

said second portion of said hard-baked photoresist member:
a second continuous thin film layer of magnetically permeable metal:

said second thin film metal layer having a first portion that coats said

first portion of said electrically insulating layer; and

30 said second thin film metal layer having a second portion that coats

said second portion of said electrically insulating layer.

2. The pole piece of claim 1 wherein said head operates at a
frequency of about 50 mega hertz, and wherein said first and second
continuous thin film metal layers each have a thickness, measured generalh

normal to said first surface, of about 20,000 A.

-

3. The pole piece of claim 2 wherein said electrically insulating
layer has a thickness, measured generally normal to said _ﬁrst surface. of about
100 A. | ’

4. The pole piece of claim 3 wherein said first and second
continuous thin film metal layers are NiFe. and wherein said electrically

insulating layer is selected from the group NiFe oxide, ceramic and alumina.

5. The pole piece of claim 4 wherein said first and second

continuous thin film layers are electro-deposited, including:
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a first plating seed layer intermediate said substrate member and said

first continuous thin film layer: and

a second plating seed layer intermediate said electrically insulating -

U

layer and said second continuous thin film layer.

6. A laminated pole pxece for use in a magnetic data transducing
head said head having a nonmagnetic and electrtcallv insulative substrate
member, said substrate member having a first surface, said pole piece

comprising:

W

a first continuous thin film metal layer of a magnetically permeable

metal;
said first thin film metal layer being dépo'sited said first surface;

said first thin film metal layer having a thick_xiess, measured generally

normal to said first surface; of about 20,000 A;
10 said first thin film layer having a second surface;

a continuous thin film electrically insulating layer coating said second

surface;
said electrically insulating layer having a continuous third surface;

an electrically conductive plating seed layer coating said third surface

15  and side edges of said first thin film metal layer;

said third surface having a thickness, measured generally normal to

said first surface, of about 0.1 micron;

said third surface having boarder portions having a width. measured

generally parallel to said first surface, of about 4.0 A, and
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said second thin film metal layer having a thickness. measured
generally normal to said first surface. of about 20.000 A, |

said second thin film metal layer being electro-deposited on s;aid third
surface so as to leave said boarder portions of s_a‘;d third surface uncovered.

7. The pole piece of claim 6 wherein said first and second thin tilm
metal layers are NiFe, wherein said plating seed layer is NiFe, and wherein
said electrically insulating laver is sel_eéted from the group NiFe oxide,

ceramic and alumina.
8. . A data transducing head. comprising:

a nonmagnetic and electrically nonconductive substrate member. said

substrate member having a first surface;

a first pole piece 'supported by said first surface:

W

said first pole piece having a second surface;

a nonmagnetic and electrically nonconductive gap member supported

by said second surface:
said gap mgmber having a third surface;
a transducing element within said gap member;
10 a second pole piece supported by said third surface;

at least one of said first and second pole pieces being a laminated thin

film pole piece that comprises.

a first continuous thin film layer of magnetically permeable metal:
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said first thin film metal layer having a fourth surface:

15 said first thin film metéi layer having side edges:

R O i

a continuous. hard baked. photoresist member;

said hard-baked photoresist member having a first portion that

completely covers said side edges of said first thin ﬁlm metal layer:

said hard-baked photoresist member having a second portion that
- 20 completely covers only boarder portions of said fourth surface that are

adjacent to said side edges of said first thin film metal layer;

said hard-baked photoresist member operating to leave a center portion

of said fourth surface uncovered of photoresist;

a continuous thin film electrically insulating laver:

(3%
W

said electrically insulating layer having a portion that cO'inpletel}'

covers said center portion of said fourth surface, and
a second continuous thin film layer of magnetically permeable metal:

said second thin film metal layer having a portion that coats said

portion of said electrically insulating layer.

9, The data transducing head of claim 8 wherein said data
transducing element is selected from the group MR element and inductive

element.

10.  The data transducing head of claim 9 wherein said transducing
head operates at a frequency of about 50 mega hertz, and wherein said first
and second continuous thin film metal layers each have a thickness. measured -

generally normal to said first surface. of about 20.000 A.
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11.  The data transducing head of claim 10 wherein said electrically

insulating layer has a thickness. measured generally normal to said first

surface. of about 100 A.

12.  The data transducing head of claim 11 wherein said first and
second continuous thin film metal layers are NiFe, and wherein said"

electrically insulating layer is alumina.

13.  The data transducing head of claim 12 wherein said second thin

film NiFe layer is an electro-deposited layer. and including:

a NiFe plating seed layer intermediate said second thin film NiFe layer

and said portion of said electrically insulating layer.-
14. A data ttansducing head. comprising:

a nonmagnetic and electrically nonconductive substrate member. said

substrate member having a first surface;
a first pole piece supported by said first surface;
5 said first pole piece having a second surface;

a nonmagnetic and electrically nonconductive gap member supported

by said second surface;
said gap member having a third surface;
a traﬁsducing eierﬂent within said gap member;
10 a second pole piece supported by said third surface;

at least one of said first and second pole pieces being a laminated thin

film pole piece that comprises,
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a first continuous thin film metal layer of a magnetically permeable

metal having a thickness of about 20.000 A:

15 '. said first thin film layer having a fourth surface; | | , ,,"'"cl mllLl "IHH "Ilsl " I!II

a continuous thin film electrically insulating layer coating said fourth

surface;
said electrically insulatin_g layer having a fifth surface:

a plating seed layer coating said fifth surface and side edges of said

20 first thin film layer;
said plating seed layer 'havging a thickness of about 0.1 miéron:

said plating seed layer -héving boarder portions having a width of about
4.0'A. and

a second thin film metal léyer of a magnetically permeable metal
25 having a thickness of about 20.000 A: '

said second thin film metal layer being electro-deposited on said

plating seed layer exclusive of said boarder portions.

15.  The data transducing head of claim 14 wherein said data
transducing element is selected from the group MR element and inductive

element.
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16.  The data transducing head of claim 15 wherein said first and
second thin film metal layvers are NiFe, wherein said'plating seed laver is
NiFe. and wherein said electrically insulating layer is selected from the group

an oxide of NiFe. a ceramic. and alumina.
17. A read/write data transducing head, comprising:

a nonmagnetic and electrically nonconductive substrate member. said

substrate member having a first surface;
a first pole piece supported by said first surface:

said first pole piece having a second surface;

(¥ 3

a first nonmagnetic and electrically nonconductive gap member

suﬁported by said second surface;
said gap me_thbgr having a th#rd sﬁrface;
an MR element within said first gap fnember;
10 a second pole piece supported by said third surface;
said second pole piece haviné a fourth surfacg:

a second nonmagnetic and electrically nonconductive gap member -

supported by said fourth surface;
said gap member having a fifth surface;
15 a write coil within said second gab member;

a third pole piece supboned by said fifth surface;
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one or ore of said first. second and third pole pieces being a laminated

thin film pole piece that comprises:

a first continuous thin film metal layer of a magnetically permeable

20 metal;
said first thin film layer having a sixth surface;

said first thin film metal layer having a thickness. measured generally

normal to said sixth surface. of about 20,000 A;

a continuous thin film electrically insulating layer completely coating

25  said sixth surface;
said-electrically insulating layer having a continuous seventh surface:

a plating seed layer completely coating said seventh surface and side

edges of said first thin film metal layer;
said plating seed layer having an eighth surface:

30 said plating seed layer having thickness, measured generally normal to

said sixth surface, of about .01 micron;

said plating seed layer having boarder portions having a width,

measured generally parallel to said sixth surface, of about 4.0 A;

a second thin film metal layer of a magnetically permeable metal

35  having a thickness of about 20,000 A; and

said second thin film metal layer being electro-deposited only on a

generally center portion of said eighth surface.
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-18.  The féad/write data transducing head of claim 17 wherein said
first and second thin film metal layers are NiFe, wherein said plating seed |
layer is N1Fe, and wherein said electrically insulating layer is selected from

the group N1Fe oxide. ceramic and alumina.
19. A read/write data transducing head, comprising:

a nonmagnetic and electrically nonconductive substrate member. said

substrate member having a first surface;
a first pole piece supported by said first surface;
5 _ said first pole piece having a second surface:

a first nonmagnetic and electrically nonconductive gap member

sﬁpported by said second snrfaqg;
said gap member hav.ing a third Esv.irface; -
an MR element within said first.gap membe;r;'
10 a second pole piece supported by said third surface;
said second pole piece having a fourth surface;

a second nonmagnetic and electrically nonconductive gap member

supported by said fourth surface;
said gap member having a fifth surface;
15 a write coil within said second gap member:

a third pole piece supported by said fifth surface:
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one or more of said first. second and third pole pieces being thin film

laminated and comprising.
a first continuous thin tilm layer of magnetically permeable metal:
20 said first thin film metal layer having a sixth surface:

said first thin film metal layer having side edges extending downward

from said sixth surface;
-a continuous. hard baked. photoresist member;

said hard-baked photoresist member having a first portion that

25  completely cévers said side edges of said first thin film metal layer:

said hard-baked photoresist _inember having a second portion that
completely covers only boarder portions of said sixth surface that are adjacent

to said side edges of said first thin film metal layer:

said hard-baked photoresist member operating to leave a center portion

30  of said sixth surface uncovered of hard-baked photoresist:
a continuous thin film insulating layer;

-said insulating layer ha\'ing a first portion that completely covers said

center portion of said sixth surface;

said insulating layer having a second portion that covers said second

L
\¥.

portion of said hard-baked photoresist member; |
a second continuous thin film layer of magnetically permeable metal:

said second thin film metal layer having a first portion that coats said"

first portion of said insulating -l'ayer: and



40

10

WO 98/29868 PCT/US97/24199

o mmmm

said second thin film metal layer having a second portion that coats

said second portion of said insulating layer.

20.  The read/write data transducing head of claim 19 wherein said

‘head operates at a frequency of about 50 mega hertz, and wherein said first |

and second continuous thin film metal layers each have a thickness, measured

generally normal to said sixth surface. of about 20,000 A.

21.  The read/write data transducing head of claim 20 wherein said
insulating layer has a thickness, measured generally normal to said sixth

surface, of about 100 A.

22.  The read/write data transducing head of claim 21 wherein said
first and second continuous thin film metal layers are NiFe. and wherein said
insulating layer comprises one or more of the group NiFe oxide, ceramic. and

alumina.

23. A laminated pole piece for use in a magnetic data transducing

head, said head having a nonmagnetic and electrically insulative substrate

 member, said substrate member having a first surface, said pole piece

comprising:

a first continuous thin film metal layer of a magnetically permeable

metal;
said first thin film metal laygr being deposited said first surface:
said first thin film metal layer having a resistivity D;
said first thin film layer having a second surface;

"a continuous thin film electrically insulating layer coating said second

surface;
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said electrically insulating layer héving a continuous third surface;

an electrically conductive plating seed layer coating said third surface

and side edges of said first thin film metal layer;
said__ third surface having a resistivity A and a thickness C;
said third surface having boarder portions having a length B;
- a second thin film metal layer of a magnetically perfneable metal;

. said second thin film metal layer having a resistivity D, a width E, and'j i

a thickness“:‘l'_F; |

20 said second thin film metal layer being electro-deposited on said third -~
surface so as to leave said boardelf portions of said third surface uncovered;

and
said:laminated pole piece satisfying the equation;

A times (B/C) is much greater than D times (E/F).

24.  The pole piece of claim 23 wherein said first and second thin
film metal layers are NiFe, wherein said plating seed layer is NiFe, and
wherein said electrically insulating layer is selected from the group NiFe

oxide, ceramic and alumina.



