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LAMINATED PLATED POLE PIECES FOR THIN FILM 

MAGNETIC TRANSDUCERS 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

5 This invention relates to the field of magnetic recording. More 

· specifically. this invention relates ~o thin film heads or data transducers that 

, fly or move closely adjacent to the surface of magnetic recording inedia on 

which a magnetic bit pattern is to be written by the. head, or which contains a 

previously written magnetic bit pattern that is to be read by the head. This 

10 invention relates to laminated and plated yokes, poles. or pole pieces that form 

the data transducing magnetic structure o,.f a thin film head. 

Description of the Related Art: 

Thin film magnetic heads are generally known in the art. An article 

entitled NEXT-GENERATION POLE MATERIALS FOR MAGNETIC 

1 S RECORDING HEADS, pages 6'1-66 of the publication DA TA 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. incorporated herein by reference. 

20 describes a sharing type thin film magnetic transducer that includes an 

inductive write head 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 type thin film magnetic transducer: for example 

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 electrically· 

insulating layer as is required by the present invention. Examples are t.r.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 

10 4.748.089 to Kumasaka et al; and (4) European Patent Application 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 

IS 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 operating 

frequency of about SO mega hertz, the skin depth of an nickel/iron (NiFe) pole 

piece is about 7000 angstroms. 

However, for thin filni heads having NiFe yokes. poles or pole pieces. 

20 this ideally thin situation requires the NiFe pole pieces be prohibitively thin. 

for example only somewhat greater than about 14000 ~gstroms for an 

operating frequency of about SO.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 t:nanufacture of the laminated pole pieces. 

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

5 to side wall redeposition th~t 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 layer has been plated or deposited. This 

electrically conductive shorting circuit path of redeposited plating seed 

material is generally quite thin but it is usually greater than about 30 

10 angstroms thick. As a result this redeposited plating seed path constitutes a.· 

relatively low resistance path that provides for the undesirable conduction of 

eddy currents between the two magnetic layers. This eddy current flow , 
operates to defeat the initial purpose of providing two thin laminated magnetic 

layers. in that the two layers operate as a single thicker layer in the presence 

15 of this eddy current flow. 

The need remains in the art for apparatus 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 heads, and thin film shared MR/inductive heads. wherein eddv current 

20 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 frequencies 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. apparatus/methods are provided for 

producing or manufacturing laminated-pole-piece. thin film. m·agnet heads. 

This invention enhances the high frequency performance of thin film heads~ 

5 including MR thin film heads. inductive thin film heads. and combination · 

MR/inductive thin film heads. 

As used herein the term thin film or magnetic metal thin film is 

intended to mean a thin layer that is generally in the range of from about 100 

angstroms (A) to about 50.000 A thick . 

. 10 In a preferred embodiment of the invention. at least one pole piece rir a 

thin film head was formed of two thin film layers of a magnetic material. such 

as NiFe or more specifically Ni81 Fe19, 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. such.as a 

15 ceramic, an oxide of NiFe. or alumina (Al20 3>. 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 

20 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 a write current that flows through a coil that is 

associated 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 

5 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 operates to induce a currentin a 

read coil that is associated with the magnetic flux .path. 

In an MR read head. a structure, that is functionally similar to the 

10 above-described inductive read head is provided. However. in this case the 

magnetic metal circuit path is associated with an MR element; i.e .• ari element 

whose resistance changes in the presertce of magnetic flux. Magnetic' flux that 

flows through the magnetic circuit path influences the resistance of the MR 

element. and this resistance chan.ge enables the .reading of the magnetic 

15 recording media• s bit pattern. 

This invention provides for the more reliable manufacture of laminated 

thin film head yokes, poles, or pole pieces by means of a magnetic material 

layering construction and arrangement that prevents low resistance electrical 

short circuits from forming between the adjacent and electrically insulated 
·, 

20 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 invention, a first thin film magnetic layer. 

about 20.000 A thick, is formed using conventional 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 .pan 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 followed by the sputter deposition ofa very 

S thin plating seed layer, for example, NiFe. A second magnetic thin film layer 

is then electro-deposited on the plating 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 

10 first and second magnetic layers. but only around the outer edge or boarder of' 

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

two thin filin metal layers during··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 

15 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 wherein edge disposed eddy currents are reduced to an 

insignificant magnitude by allowing a small residue or filament of the ptating 

20 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 plating 

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 specifically, in this second embodiment, the edges of the second 

or top magnetic thin film layer are horizontally set back or positioned from .· 
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the corresponding underlying edges of the first or bottom magnetic thin film 

layer ·by a greater distance than is conventional. As is w~ll 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 

5 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. \\·"bile 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 

10 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 described Al~03 or ceramic 

15 layer, this Nickel/Iron 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 he 

20 provided 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 magnetic metal thin film layers; as well as the above-described plating 

seed layer. that are within the head's poles or pole pieces comprise a 

25 ferromagnetic material. and preferably an alloy of nickel and iron. such as 

NiFe. This metal alloy NiFe is known as having high magnetic permeability. 



WO .9812.9868 PCT/US.97/24199 

8 

An example is the brand Permalloy that comprises about Ni~s, and about 

Fe~u· 

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 

S following detailed description. which description makes reference to the 

drawing. 

BRIEF DESCRIPTION OF THE ORA WING 

FIG. 1 is a side section, view ofan MR read head wherein both pole 

pieces are laminated in accordance with the invention. 

· 10 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. 

15 FIG. 4 is an enlarged air bearing surface (ABS) view (se'e arrow 401) of 

only pole piece 11 of FIG. 1. This figure will be used to explain a first 

embodiment of the construction and arrangement of pole pieces 11 and 14 of 

FIG. 1, pole pieces l 11 and 112 of FI°G. 2. and shared pole piece 270 of FIG. 

3. 

20 FIG.Sis an enlarged Air Beating Surface (ABS) view (see arrow 401) 

of only pole piece 11 of FIG. l. This figure will be used to explain a second 

embodiment of the construction and arrangement of pole pieces 11 and 14 of 

FIG. l, pole pieces 111 and 112 of FIG. 2, and shared pole piece :?70 of FIG. 

3. 



. WO 98129868 PCT/US97/24199 

9 

DESCRIPTIO'N OF THE PREFERRED EMBODIMENT 

FIG. 1 provides a simplified showing of an 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. 

5 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 well-known MR element 24. Relative movement 26 

is provided between MR head 25 and magnetic recording media 23. for 

10 example the planar top surface of a floppy disk 23. 

Head 25 also includes a substrate member I 0 and an encapsulant 

member 21 of well-known construction a~d arrangement. In accordance with 

the present invention. the two pole pieces ~ 1.12 are each formed a laminated 

construction. More specifically. pole piec.e 11 comprises ( 1) a gap-adjacent 

15 magnetic metal layer 16. (2) an intermedia.te electrically insulating and 

dielectric layer 15, and (3) an outer magnetic metal layer 14. Likewise, pole 

piece 12 comprises, (1) a gap-adjacent magnetic metal layer 20. (2) an 

intermediate electrically insulating and dielectric layer 19, and (3) an outer 

magnetic metal layer 1·8. In a preferred embodiment of the invention. layers 

20 14, 16,20, 18 are formed of the same .material, preferably NiFe. and layers 

15.19 are formed from the same material. preferably alumina. 

FIG. 2 provides a· simplified showing of an inductive 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 

25 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, l 12. Relative 
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movement 26 is provided between inductive head 125 and ma1metic recordin11 . 
... I:' 

media. for example the top planar surface of an elongated magnetic recording · 

tape 123. 

As with head 25 of FIG. 1. head 125 includes a conventional substrate 

5 member 110 and an encapsulant 121. . In accordance with the present 

invention, the two pole pieces 111.1.12 are each formed a laminated 
·:-· ,··.· 

construction. More specifically. pole piece 111 comprises ( l) a gap-adjacent 

magnetic metal layer 116. (2) an intermediate electrically insulating and 

dielectric layer 115. and (3) an outer magnetic metal layer 114. Likewise.· 

10 pole piece tl 2 comprises. ( 1) a gap-adjacent magnetic metal fayer 118. (2) 'an 
intermediate electrically insulating and dielectric layer 119, and (3) an outer 

magneti~ :m~tal layer 120. fo a preferred embodiment of the invention; layers 

l 14,l 16j1g',120. are. formed of the same ~a~erial. preferably NiFe~ a~d iayers:· 

115, 119 ~re 'formed from the same material, preferably alumina. 

15 ·FIG. 3 provides a simplified showing of a combination head :?:?5 having 

a pole-sharing inductive write gap 250, and a pole-sharing MR read gap.22:? · 

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 three pole pieces of head 225, or any two pole pieces of head 

20 225, or any one pole piece of head 225. can be laminated in accordance with 

the spirit and scope of the present invention. 

., -_, 

The FIG. 3 construction and arrangement provides a read gap 

associated, magnetic metal, pole piece 214, preferable formed of Permalloy~, 

and a write gap, associated. magnetic metal, pole piece 219, again preferabl~; 

formed of Permalloy. In the head 225. as shown in FIG. 3. the two pole 

pieces 214,219 are not laminated. A head of the FIG. 3 type can be used. for 

example, iri 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 laver 

5 272. and (3) a write-gap-adjacent magnetic metal layer 273. In a preferred 

embodiment ofthe 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 Bearing Surface (ABS) view that is taken in 

the direction indicated by arrow 401 of FIG. I. FIG. 4 shows only the ABS 

10 view of FIG. 1 's pole piece 11. However. FIG. 4 is an accurate showing of a 

first embodiment of the construction and arrangement 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 ·cl) ;11 first or bottom magnetic metal 

layer 14. (2) a second or top magnetic metal.:fayer 16, (3) an electrically 

15 insulating dielectric layer 15, and a plating seed layer 415. An important · · 

characteristic of layer 15 is that while it has a relatively high electrical 

impedance. it has a relatively low magnetic impedance because it is very thin. 

i.e. about l 00 A in the X-direction. 

Metal layers 14,16 are thin film layers, each having an exemplary X-

20 direction thickness of about 20.000 angstroms. An .exemplary Z-direction 

width of layers 14, l 6 is about 44 microns, top 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 long 

in the Y-direction in order to minimize magnetic impedance. 

25 Metal layers 14, 16 are separated by a very thin, electrically 

nonconductive or insulating layer 15. An exemplary X-direction thickness of 

layer 15 is about 100 angstroms. Intermediate insulating layer 15 is 
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preferably a very thin ceramic or a ceramic-like material. such as aluminum 

oxide (Al::Ol). The top surface 416 of insulating layer 15 is coated with a 

plating seed layer 41 S. preferably Nif e. that accommodates the plating of top 

magnetic layer 16. 

5 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 relatively high temperature. so as to 

convert photoresist 400 to a solid plastic s_tate that cannot easily be removed. 

10 as photoresist is conventionally removed in known photolithographic 

processes. 

The boarder or ~dge disposed hard baked photoresist member 400 

covers a small Z-direction boarder portion 410 of the top surface 411 of 

bottom magnetic layer 14, thus _leaving the major center portion of top surface 

15 411 exposed. The X-direction thickness 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 NiF e magnetic layer 14 that has been 

oxidized in an oxygen plasma asher device prior to deposition of photoresist 

20 fringe 400 and plating seed layer 415. 

In the construction and arrangement of Fl G. 4, edge shorting or 

electrical short circuiting, for example ~dge 420 shorting to the underlying 

edge 402, does not occur 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 l4. l 5.415.16 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 pole piece 11 of FIG. 4. a sputter 

S deposited sheet of Ni Fe (not shown) fo,rms a first plating seed layer for the 

electro-deposition of the first NiFe r:na~netic layer 14. Then a photoresist 

mask or layer (not shown) is patterned onto the top of this first plating seed 

layer. This photoresist mask is patterned so as to facilitate the plating of 

NiFe. (for example 81% Ni, 19%) layer 14 to an X-direction thickness of 

10 about 20.000 A. As will be appreciated, a relatively large wafer 10 is usually 

used to facilitate the simultaneously manufacture of a number of thin ·film 

heads in accordance with this invention. This known aspect of head 
I 

manufacture will not be described herein. As is conventional, the plating of 

NiFe layer 14 may include the use of current thief elements that opera'te to 

15 control plating current density. 

After NiFe layer 14 has been pl,ted. the above-described photoresist 

mask is stripped or removed, and the parts of the first plating seed layer that 

are thus exposed are removed by ion milling. Then. all generally vertically 

extending side edges ofNiFe layer 14, such as the two side edge 402A03 that 
20 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, to thereby cover and electrically isolate the side edges of NiFe layer 14 

with hard baked photoresist member 400. 

.,­-=> 

Alumina layer 15 is now coated, or sheet-deposited, onto both the top 

exposed surface 411 of NiF e layer 14, and onto the top surfaces 441 of hard 

baked resist member 400. Thereafter, a second plating seed layer 415. 
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preferably NiFe. is sputter deposited on the top surface 4 J 6 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 

5 about 20,000 A. After NiFe layer 16 is plated, this second photoresist mask is 

striped. 

Thereafter, ion beam etchi~g 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 perfect the Y-Z planar.shape of the top NiFe layer 

10 16. An example is ion beam milting using argon atoms. As \\·ill be 

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

number of different artgles, arid ilot only at the ~elatively normal angle that is 

shown in FIG. 4. This ion milling. step will likely remove all. or a major 

portion of. the exposed second plating seed layer 415. 

15 This ion milling material removal operation also generally uniformly 

removes a small portion of the upper surface ofNife layer 16 and the small 

and exposed upper surface of alumina layer 15. 

In the prior art, this last described ion milling step resulted in the 

removal of a small portion of the top magnetic metal layer 14. and the 

20 redepositing of this removed material as a shorting bridge across insulating 

layer 1 S and as an electrical connection 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. 

25 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. S is an enlarged Air Beari~g Surface (ABS) view of a pole piece 

5 511 in accordance with another embodiment of this invention. FIG. 5 is taken 

in the direction indicated by arrow 40 I in FIG. 1. FIG. 5 is an accurate 

showing of a second construction and ~rrangement of pole pieces 11 and 14 of 
. ' . 

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

In this second embodiment of the invention. the eddy current electrical 
10 circuit path between the two NiFe thin film pole piece laminations 14.16 is 

not totally blocked~ as in the embodimept of FIG. 4. However the magnitude 

of any eddy current that may flow is reduced to a level whereat the 

advantageous effects of thin film laminated pole pieces remains. 

The FIG. 5 embodiment of this invention is especially useful when the 
15 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 1 S is deposited on 
the top surface 585 of the first or bottom NiFe thin film layer 14 in the 

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

20 Pole ·piece 511 of FIG. 5 is shown as having (1) a first or bottom 

magnetic metal layer 14 ofNiFe 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 S 15 of NiFe or Permalloy ori top of insulating layer 15. 
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NiFe layers 14.16 are thin film layers. each having an ex~mplary X­

direction thickness ofabout :?0.000 A. An exemplary X~direction thickness of 

alumina layer 1 S is about I OOA. In this embodiment of the in\'ention. bottom 

Nife layer 14 is intentionally formed so as.to have a Z-direction width that is 

5 significantly greater than the Z-direction width of the top Ni Fe layer 16. For 

example. layer 14 is about 44 micro~s wide. whereas layer 16 that is generally 

centered upon layer 14 is about 36 microns wide. As a result. about a 4 

micron wide portion of layer 14 extends outward beyond each edge of layer 

16. for example see distance 581 in FIG. S. 'As will be apparent. this 

10 relatively long length 581 by which underlying portions of bottom SiFe layer 

14 remain exposed is critical to the operation of this embodiment of this 

invention: 

The top surface S 16 of alumina insufating layer 15 carries a plating 

seed layer S 15, preferably NiF~. th~t accriin~odates the plating or electro-

-is depc:>sition of top NiFe layer 16. As wiUb~ explained~ in this embodiment of 

the invention, two thin and long residual portions or filaments 570 of Nife 

plating seed layer 515 are allowed to short .between top NiF e layer 16 and 

bottom NiFe layer 14. However~ these residual filaments 570 of NiFe plating· 

seed layer S 1 S are long enough in the Z-direction (see dimension 581) to 

20 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 circular manner in the plane of FIG. S. 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 

25 current path.· 

While the means whereby the various layers of FIG. S's pole piece 511 

are deposited, or plated, is not critical to this invention. an embodiment 

thereof follows. 
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First. a platin_g seed layer or sheet S 17 is sputter deposited onto the top 

surface 581 of substrate member 10. A first photoresist mask (not shown) is 

now patterned onto the top surface S 18 of plating seed layer S 17. This first 

photoresist mask is patterned so as to facilitate the plating or electro-

5 deposition of Nif e. (for example. 81 % Ni. 19%) layer 14 to an X.;direction 
• 

thickness of about 20,000 A. Again. a relatively large wafer 10 is usually 

used to facilitate the simultaneously manu.facture of a number of thin film 

heads in accordance with this invention. and the plating of NiFe layer 14 may 

include the use of current thief elements that operate to control plating current 

10 density. 

After NiFe layer 14 has been plated. the above-described first 

photoresist mask is striped or removed. Then, the non-plated regions of · 

plating seed layer 51 7 (i.e. the regions that are not covered ·by layer 14) are 

removed by ion milling. 

15 Alumina layer 1 S is -now sputter deposited onto the top exposed surface 

585 of Nif e layer 14. A second plating seed layer S 15 is thereafter sputter 

deposited on the top surface 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 511 to an X-direction thickness 

20 of about 20,000 A. After NiFe layer 16 is plated, this second photoresist mask 

is striped. 

A third photoresist mask 590 is ~ow 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 

25 making pole piece 511. 
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Thereafter. ion beam etching or milling. as represented by arrows 580 

in FIG. S. operates to remove alt or at least .a 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 5 IS each comprise long 

5 and thin Ni Fe filaments. or threads. that extend between and interconnect the' · 

two NiFe layers 14.16. For example, NiFe filaments 570 that are about O. I 

micro thick in the X-direction, and about 4;0 microns long in the Z-direction: 

(see dimension 581). This third photore~ist mask is then removed. 

The two NiFe layers 14,16 now provide a laminated magnetic flux path 

10 for pole piece S 11. 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,()00 A of effective skin depth at a head operating 

frequency of about 50 mega~hertz. : , 

The 'FIG. 5 embodiment oft.his invention does not totally block current 

15 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. S's plating seed 

layer 51 S 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. As a result of 

20 the relatively high electrical resistance of the two NiFe filaments 579. eddy 

currents of only a very low magnitude flow through the series circuit (CCW in 

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, 1 S in the FIG. S 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 electric:il 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 

5 result is expressed by the following relationship; 

10 

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

A is the resistivity of plating seed layer 515. 

B is the Z-direction length of plating seed filaments 570. 

C is the X-direction thickness of plating seed filaments 570. 

Dis the resistivity of magnetic layers 14.16. 

E is the Z-direction width of narrow top ,magnetic layers. 16. and 

F is the X-direction thickness of narrow top magnetic layer 116. 

In the above equation, resistivity factors A and Dare included to take 

into account the fact that electro-deposited thin film magnetic layers 14.16 

1 S may not be formed from the same type of magnetic material as is plating seed 

layer S 1 S 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. 

20 electrically insulating Al20 3 layer is sputter-deposited on top of the bottom or 

first NiFe thin film layer. and a second magnetic plating seed layer of ?\iFe is 

then sputter-deposited on top of this Al20 3 layer. 
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While these two sputtering steps can be accomplished using two 

different sputtedng machines. -jr is desired that these two S(>Uttering operations 

take place sequentially within the same sputtering machine. and within-the 

same vacuum pump down cycle of that machine. by-sequentia,lly moving a 

5 wafer from an A:?03 target to a NiF e target. 

The present invention has been describedTn detail while making 

reference to preferred embodiments thereof. It is to be appreciated that those 

skill in this art will. upon learning of tne present invention, readily visuaiize 

yet other embodiments that are within the spirit and scope of the invention. 

10 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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CLAIMS 

1. A laminated magnetic flux path pole piece for use in a magnetic 

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 continuous thin film layer of magnetically permeable metal; 

said first thin film metal layer being deposited on said first surface; 

said first thin film metal layer having a second surface; 

said first thin film metal layer having side edge·s extending froni 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 .photoi'esist 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; 

20 

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; 

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: 
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said electrically insulating layer having a first portion that completely 

covers said center portion of said second surface~ 

said electrically 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 cqats said 

first portion of said electrically insulating layer; and 

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

said second po~tion 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 ' 

co.ntinuous thin film metal layers each have a thickness. measured generally 

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 

JOO 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 gr9up Nife oxide. ceramic and atUmina. 

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 

5 a second plating seed layer intermediate said electrically insulating 

5 

10 

layer and said second continuous thin film layer. 

6. 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 nietal layer being depo~ited said first surface; 

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

normal to said first surface, of about 20.000 A; 

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 s.urface, of about 4.0 A, and 
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20 a second thin film metal layer of a magnetically permeable metal: 

5 

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 said third 

surface so as to leave said boarder portions of said third surface uncovered. 

7. The pole piece of claim 6 wherein said first and second thin film 

metal layers are· NiFe. wherein said plating seed layer is NiFe, and ~·herein 

said electrically insulating layer is selected 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: 

said first pole piece having a second surface; 

a nonmagnetic and electrically nonconductive gap member supported 

by said second surf ace: 

said gap member 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: 

said first thin film metal layer ha\ring side edges; 

a continuous. hard baked. photoresist member; 
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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 layer; 

said electrically insulating layer having a portion that coinpletely 

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. 

l 0. 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 I 0 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 transducin2 head of claim 12 wherein said second thin - ... . 

film Nif e 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 tiansducing 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 transducing element within said gap member; 

l 0 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: -----------
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said first thin film layer having a fourth surface; 

a continuous thin film electrically insulating layer coating said fourth 

surface: 

said electrically insulating 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 having a thickness of about 0.1 micron; 

said plating seed layer having boarder portions having a width of about 

4.0 A. and 

a second thin film metal layer 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 layers are NiFe. wherein said plating seed layer is 

NiFe. and wherein said electrically insulating layer is selected from the group 

an oxide of NiFe. a ceramic. and alumina. 

1 7. 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 

supported by said second surface; 

said gap member having a third surface; 

an MR element within said first gap member; 

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 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 read/write data transducing head of claim 17 wherein said 

first and second thin film metal layers are NiFe, wherein said plating seed 

layer is N 1 Fe, and wherein said electrically insulating layer is selected from 

the group N 1 Fe 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; 

said first pole piece having a second surface: 

a first nonmagnetic and el.ectric~lly noncon:ductive gap member 

supported by said second surface; 

said gap member having a third surface; 

an MR el.ement within said first gap member; 

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 film layer of magnetically permeable metal: 

said first thin film metal layer having a sixth surface: 

said first thin film metal layer having side edges extending do\";nward 

from said sixth surface; 

a continuous. hard baked. photoresist member; 

said hard-baked photoresist member having a first portion that 

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

said hard-baked photoresist member 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 having a first portion that completely covers said 

center portion of said sixth surface; 

said insulating layer having a second portion that covers said second 

35 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 layer: and 
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said second thin film metal layer having a second portion that coats 

40 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: 

5 a first continuous thin film metal layer of a magnetically permeable 

metal; 

said first thin film metal layer being deposited said first surface; 

said first thin film metal layer having a resistivity D; 

said first thin film layer having a second surface; 

10 a continuous thin film electrically insulating layer coating said second 

surface; 
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said electrically insulating layer having 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 permeable metal; 

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

a thickness F; 

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

surface so as to leave said boarder portions of said third surface uncovered; 

and 

said laminated pole piece satisfying the equation; 

A times (8/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. 


