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MAGNETIC POLE CONFIGURATION FOR HIGH DENSITY
THIN FILM RECORDING HEAD

Cross-Reference to Relatéd Applications
This invention relates to the following co-pending patent
~applications, all of which are assigned to the assignee of this
: application as of the‘date of filing:
“Laminated Poles for Recording Heads", serial number
07/128,866, filed December 4, 1987.
"Flux Spreadlng Thin Film Magnetic Dev1ce" serial number
07/227,808, filed June 28, 1988.
"Magnetic Devices with Enhanced Poles", serial number
07/345,719, filed May 1, 1989.

Field of the Invention

This invention relates generally to magnetic disk drives
and particularly to the configuration of a thin film head which
increases recording density and data transfer efficiency.

s Background of the Invention

A typical magnetic data recording device, such as a disk
drlve, includes a magnetlc storage media, and a read/write
head The head is usually formed from two or more elongated
pleces of a sultable ferromagnetic material such as a nickel
iron (NlFe) alloy. . The-poles are joined at one end, called the
yoke, and are separated by a precisely defined gap at the
opposite end, called the tip. A wire coil is wrapped around
the poles adjacent the yoke. During read and write operations,
the head is positioned with the tip portion adjacent the disk;
the coil provides a mechanism‘for driving magnetic flux into as
well as sensing magnetic flux from the head.

In designing a disk drive it is generally desirable to
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signal-to-noise ratio (SNR). These parameters are primarily
determined by the specific electro-mechanical configuration of
the head. For example, since the number of tracks per inch
(TPI) available on a disk of a given size is determined by the
width of the tip, it is desirable to keep the tip as narrow as
possible. 'However, the yoke should be made as wide as
possible, to encourage magnetic flux conduction between the
poles and the coil. A wider yoke increaées the available
amplitude of the signal emanating from the head, and thus the
number of bits per inch (BPI) recordable in a given track.
Given these conditions, it is well known that the preferred
head pole confighration has a narrow tip and a wide yoke.
However, other parameters must normally be considered to
achieve maximum recording density. For example, a
ferromagnetic pole can be fabricated to have an induced
anisotropy axis of preferred magneﬁic orientation, or “easy
axis". When this axis is oriented perpendicular to the
direction of flux conduction, the flow of flux through the head
can occur by‘the preferred process of rotation of the rest
state of maghetization'away from the easy axis. The
preference for the material to remain magnetized in the easy
axis direction is also referred to as the anisotropy field, Hy.
Unfortunately,-reducing the width of the pole beyond a
critical value results in the dominance of “edge closure
domains" which are not oriented in the preferred direction.
Therefore, these edge closure domains encourage flux conduction
by domain wall motion along the outer walls of the pole. While
this may actually facilitate flux conduction at low
frequeﬁéiés} at higher frequencies the_magnetic permeability,
or 4 of the pole becohes unacceptably low. Furthermore,
defects in the head material can perturb the conduction of
magnetic flux along the domain walls, resulting'in Barkhausen

noise. Thus, the pole tip cannot be made too narrow without
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adversely affectlng head performance.

One technlque for mlnlmlzlng the 51ze of the edge closure
domains and thus for reducing the size of the tip is to
increase the H, of the pole material. Several other techniques
are known for adjusting the H,, such as adding cobalt to create
and NiFeCo alloy; changing the proportion of Ni to Fe together
with a change in the magneostriétive forces on the pole; or
using other materials, such as- cobalt zirconium (Co2r), cobalt
zirconium neodymium (CoZrNd); iron nitride FeN, iron silica
(Fesi), and the like.

A quite differeht coﬁcern arises with the yoke, however,
which complicates the choide'of.a suitable Hy. In particular,
the yoke is 1ess:susceptibie tb Barkhausen noise, since its
wider path prevents the dominance of edge closure domains, and
thus the yoke usually provides sufficient flux conductivity.
Rather, the problem with the yoké usually is that the
pefmeability, 4, of the material is inversely proportional to
its H,. Having too low a p limits the amount of flux
conduction through the coil. Thué, it is generally believed
that the H; of the pole material should be kept low in order to
avoid adVersé:affects upon the overall head efficiency.

A further éonsideration_is the thicknesses of the poles in
the dimension parallél to the write'tradk. Optimum pole
thickness is dictated primarily by surface eddy currents, which
originate from variations in the'applied or detected magnetic
field as different sections of the disk rotate past the head.
At high frequencies, the presénce of eddy currents generally
limits flux conduction to the extent of the surface effect or
“"skin depth". Since thicker poles_generally provide greater
material for donduétion; the thicker the pole, the better the
conductivity. However, increasing_the pole thickness beyond
about twice the skin depth can adversely affect the pole's
frequency response; | _

To optimize the SNR, other parameters should also be

considered in determining the pole thickness. For example,
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consider that any given head configuration can be modelled by
an equivalent electrical circuit consisting of an ideal
inductor having a series resistance, R, and a parallel
resistance, R,. In order to maximize the available SNR, the
output signal level, and hence, R

P
possible. Since R, is typically inversely proportional to the

, must be as large as

pole thickness, in order to achieve high Rye the thickness must
be minimized. Hence, a compromise must typically be made
between maximum frequency operation and maximum SNR when
choosing the pole thickness.

A higher RP can also be obtained by decrea51ng the H, of
the pole mater1a1 but this conflicts with the need to increase
H, to encourage maximum flux conduction through the tip, as
previously mentioned. '

One approach to resolving some of these design tradeoffs
has been to use a pole forméd'from'multiple laminations. Such
multiple laminations inherently provide the desired domain
structure, since'flux paths are provided in parallel by the
laminated layers. They aléo increase the R, of the pole for a
given pole thickness.

However, fabrication of laminated poles involves a more
complicated énd expensive fabrication process, since the layers
must be formed by slower, more precise processes. For example,
this process typically'requires sputtering a sheet deposit and
then ion milling the pole form with a mask, rather than the
‘less expensive electro-plating through a mask. Additionally,
any ion milling required to form the pole geometry has the
adverse effect of side-wall redeposition. This means that the
longer the ion milling time, the greater the chance that
redeposited material will build up sufficiently to provide a
short circuit path between 1ayérs, thereby unfavorably changing
the electrical and magnetic properties of the head.

Further discussion of the tradeoffs in thin film head
design and some suggeSted alternatives are discussed in the
following papers. '
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Mallary, M., et al., “Freguency Response of Thin FIlm
Heads with Longftudinal and Transverse Anisotropy", presented
at the IEEE Conference on Magnetics in April, 1990.

Méllary, M., et al., "Three Dimensional Transmission Line
Model for Flux Conduction in Thin Film Heads", presented at the
34th Annual Conference on Magnetism and Magnetic Materials '
(1989). _ ' _

Mallary, M., and Smith, A.B., nCconduction of Flux at High
Frequencies by a Charge Free Magnetization Distfibution“, IEEE
Transactions on Magnetics, Vol. MAG—24, pp. 2374- (1988).

Mallary, M., “Conduction of Flux at High Frequencies in
Permalloy Strips by Small-Angle Rotations", Journal of Applied
Physics, Vol 57, pp 3953- (1985).

What is needed is a thin film magnetic recording head
which provides the désired_domain structure in the tip and good
flux conduction ih the yoke region to provide for maximum
density'recording_at acceptable SNRs. The head should be
easily fabricated with minimal use of ion milling.

Summary of the Invention

The invention is a thin film magnetic recording head which
includes a pole comprising two magnetic layers formed of
ferromagnetic materiél, with one layer formed of a material

| having high H, and low p, and the other layer formed of a
material having Iow'Hk and high g. The layers as decoupled in
terms of near-fiéld, or internal domain flux, so that the pole
behaves as though they were positioned far apart. However, the
two magnetic layérs are coupled in terms of far field, or
signal flux applied from external sourcés. As a result, the
high H, layer provides the lower magnetic impedance path in the
pole tip region; and the low H, layer provides the lower
magnetic impedance path in the yoke’fegion.

The H; of the layers can be selected by any suitable
means. For_ekample, both pole layers may be each be formed
from nickel-iron-cobalt (NiFeCo) with the low H, layer being an
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Ni,Fe Co, alloy, and the hlgh Hk 1ayer belng an Ni Fe Co, alloy.
The proport1ons u, v, and w are then chosen to prov1de the
desired low H,, and x, y, 2 are chosen to provide the desired

" high H,. However, the cobait may be omitted entirely from the
low H, layer, or other suitablelferromagnetic materials may be
used, such as cobalt zirconium (CoZr), cobalt zirconium
neodymium (CoZrNd), iron hitride FeN, iron silica (FeSi), and
the like. The H, of the layers can also be adjusted by
consideration of the magentostriétivve forces on the poles and
selecting the proportion of Ni to Fe accordingly.

Alternatively, the two magnetic layers may include a high
permeability layer extending through the pole region, and a
homogeneous layer extending through the yoke. The laminated
layer is cdmposed of plurality of laminae formed from
alternating films of magnetic conductive ahd magnetic
insulating material. | o

In one embodiment, a non-magnetic, separation film or
layer may be disposed between the two magnetic layers. The
non-magnetic layer may be formed of a material which is both
non-magnetic  and eléctrically insulating, if desired. Its
thickness is chosen to minimize magnetostatic coupling of the
two magnetic layers, while allowing magnetic flux transfer via
exchange coupling between layers at an appropriate point
between the tip and the yoke.

In yet another embodiment, the yoke region is a sculpted
(thickened) low H, layer, which extends only partially over the
high H, layer, to further assist in'providing the desired type
of coupling between layers. |

There are several advantages to the invention. It
exhibits the preferred domain behavior in the tip region,
namely, conduction by magnetization rotation via the high Hy
material. In addition, the low H, material in the yoke region
provides both maximum flux spreading and high permeability.

The sculpted embodiment eliminates the need for using an
non-magnetic layer in some applications.
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If a laminated layer is used, it achieves suppression of
eddy currents by‘means of small skin depth, while also provides
high permeability, without the need to use high H, materials.

Fabrication of the poles is relatively straightforward,
with several process step variations depending upon the desired
pole configuration. For example, to fabricate the lower half
of the pole, a suitably thick (such as 2 gm) high H, layer is
first deposited onto an appropriate substrate by plating
through a mask onto a sputter-deposited seed layer. Next, a
non-magnetic layer of about 500 angstroms (A) thickness is
sputtered onto the high H, layer, followed by sputtering a low
H, seed layer. Additional low H, material is then plated
through a mask onto the seed layer to cdmplete a suitably thick
low H, layer (such as 2 um). The seed layer is then removed by
etching.

In the sculpted embodiment, high H, material is plated
through a mask onto a seed layer to form a layer that extends
throughout the yoke but not into the pole tip region. The mask
then stripped and the non-magnetic layer material and a seed
layer of low H, material are vacuum-deposited. A second mask
is formed that exposes the yoke and pole tip regions, and a low
H, material layer is plated on top of the high H, material
layer. The mask is then stripped and the seed and non-magnetic
layers are etched away.

The laminated layer can be fabricated by alternately
sputtering 500-1000 & NiFeCo layers and ultra-thin 35-50 &
Al,0; layers onto a substrate until a total thickness of about
1-2 pm is achieved. At this point, a thicker 150 & Al,05 layer
is sputtered as the non-magnetic layer. Following this, a
NiFeCo seed layer is sputtered, and subsequent plaéing of
NiFeCo to a 2-4 um total thickness completes the pole.

il
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Brief Description of the Drawings

The above énd further advantages of the invention may be
better understood by referring to the folldwing description in
conjunction with the accompanying drawings, in which:

Fig. 1 is an isometric view of a two-pole thin film head
according to the invention; i

Fig. 2A is a plan view of the lower pole having a
homogeneous high H, layer;

Figs. 2B-2E are cross sectional views of various
embodiments of the lower pole taken along line 2-2 of Fig. 23,

. with: '

Fig. 2B showing the lower and upper magnetic material
layers, and a middle non-magnetic layer of a three-layer
embodiment,

Fig. 2C showing a sculpted pole embodiment without a non-
magnetic layer,

Fig. 2D showing a sculpted pole embodiment, with a non-
magnetic layer, and

Fig. 2E showing a sculpted pole embodiment using
overlapping layers; _ '

Fig. 3A is a plan view of the lower pole having a
laminated high H, layer;

Fig. 3B-3E are cross sectlonal views of various
embodiments of the lower pole taken along lines 3-~3 of Fig. 3A,
with:

Fig. 3B showing three layer embodiment having a laminated
lower magnetic layer, middle non-magnetic layer, and upper
homogeneous magnetic layer,

Fig. 3C showing a sculpted pole embodiment without an non-
magnetic layer,

Fig. 3D showing a sculpted pole embodiment with an non-
magnetic layer, and

Fig. 3E showing a sculpted pole embodiment using
overlapping layers;

Fig. 4 is an isometric view of a laminated 1layer showing
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the orientation oflvarious magnetic domains;
Figs. 5A énd'SB depict the preferred manner of fabricating
certain portions of the hombgenédus embodiment of the head; and
Figs. 6A and 6B depict the preferred manner of fabricating
certain portions of the laminated embodiment of the head.

Detailed Description of Illustrative Embodiments

As shown in Fig. 1, a thin film magnetic head 10 in
accordance with the invention includes an upper pole 12a and a
lower pole 12b (collectively, "the poles 12%"). The poles 12
are generally Y-shaped, and are formed from a ferromagnetic
flux-conductive material, such as a nickel-iron-cobalt (NiFeCo)
alloy. They are magnetically isolated at the narrow end, or
tip 14, such as by mechanically spacing them apart. 1In
addition, the poles 12 are magnetically coupled at the wide
end, or yoke 16, such as by mechanically joining them.

The space bétween the poles 12 at the tip 14 is referred
to as a gap 18, which is further defined by a rigid gap layer
19 disposed between the poles 12 and extending from the tip 14
to the yoke 16. The gap layer 19 is formed of a material which
is both non-magnetic and electrically insulating, such as
A1,0,.

A ridge 22 formed in the upper pole 12a allows the gap
layer 19 to accommodate a pluraiity of coiled conductors 24
positioned between the poles 12. The conductors 24 serve to
conduct electric current to and from the head 10. 1In addition,
other configurations of the head 10 may include a third pole
(not shown in_the drawings) disposed between the upper pole 12a
and lower pole 12b to form a second gap. ,

A magnetic media, such as a disk 20, is spaced opposite
the poles 12 at the tip 14, and stores the recorded
information. Other types of magnetic media may be used with
the head 10, such as magnetic tape. During read operations,
the head 10 is positiohed with the tip 14 nearest the disk 20.

As various sections of the disk 20 having different recorded
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polarizations pass by the tip 14, a magnetic flux travels
around the he&d 10 in the direction of path I. This changing
maghetic'flux in turn induces an electric current in the
conductors 24, which provides an electronic indication of the
sensed magnetic field.

During write operations the process is reversed, with a
current of either polarity being applied through the conductors
24. This creates a magnetic field in one direction or the
other, alohg-the path I, with sufficient strength to set the
magnetization of a small portion of the disk 20 adjacent the
tip 14. _

A distinguishing feature of the invention is the way in
which .the poles 12 are constructed. 1In particular, the poles
12 are laminated from two or more layers, with each layer
having specific characteristics. One embodiments of an
exemplary pole 12b has a first ferromagnetic layer 30 formed of
a high anisotropy (H,) and low permeability (u) material such
as NixFeyCo;, and a second fefromagnetic layer 32 formed of a
low H, and high p material such as NqueVCow. The proportions
X, ¥, and z are chosen to provide the desired high H, in layer
30; similarly, u, v, and w are chosen to provide the desired
low H, in iayer 32.

The two layers 30 and 32 are decoupled in terms of
internal domain flux, that is, the flux inherent in the domain
structure of the pole. 1In other words, the two magnetic layers
assume a domain pattern that is essentially the same as if they
were very far apart from each other. HdweVer, layers 30 and 32
are coupled in terms of external signal flux, that is, the far-
field flux applied to thé pole by outside forces such as the
coils 24 or thé disk 20. It may also be said that the two
layers-are decoupled in terms of near field, or exchange
coupling.

The high H; layer 30 is the path of least magnetic
resistance in the tip 14, and the low H, layer 32 is the path
of least magnetic resistance in the yoke 16.
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As will be understood shortly, this provides the novel
advantage of having the preferred domain structure in the tip
14, via the high H, material, as well as the preferred
structure in the yoke 16, via the low H, material.

As shown in Fig. 1, the upper pole 12a also comprises a
high H, layer 30 and a low H, layer 32. In the illustrated
embodiment, the low H, layers 32 form the outer faces of the
poles 12, and the high H, layers 30 form the inner faces
adjacent the gap layer 19, but the layers may also be arranged
in other orientations.

Fig. 2A is a plan view of the lower pole 12b showing in
greater detail the general Y-shape and the approximate extent
of the tip 14 and yoke 16.

Fig. 2B is a cross sectional view of one embodiment of the
lower pole 12b taken along lines 2-2 of Fig. 2A. The high Hy
layer 30 is preferably a homogeneously formed layer of
ferromagnetlc material having an 1ntr1n51ca11y high H,. For
example, it may be a 2-4 um thick layer of leFeyCoz, with the
proportions x, y, and z chosen to provide the desired Hy of
approximately 10 Oersteds (oer). However, the exact thickness
of the high H, layer 30 depends upon several other
considerations. For example, if it is too thick, a pole tuning
effect may occur, which adversely affects the shape of the
electric signal pulse emanating from the coils 24, and the
parallel resistance (Rp)'of the pole may become too small. If
the high H, layer is too thin, a lower electrical signal level
results at the conductors 24.

The low H, layer 32 extends the entlre length of the pole
12b, from the tlp 14 to the yoke 16. The low H, layer 32 is
typlcally a homogeneously formed Ni Fe,Co, layer of about 2 um
thickness, with the proportions u, v, and w are chosen to
provide the desired low H,. However, the exact thickness of
layer 32 is dictated by the desired parallel resistance, Rp, of
the pole 12b, since this layer carries the flux through the
yoke 16. o
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Those of skill in the art will recognize that there are
various ways td provide layers_having different H,'s. For
example, both pole layers may be each be formed from nickel-
iron-cobalt (NiFeCo) alloy, with the low H, layer being an
Ni,Fe,Co, alloy, and the high Hk layer being an Ni,Fe,Co, alloy.
The cobalt may be omitted entirely from the low H, layer, i.e.,
v may be zero. Other'suitable ferromagnetic materials may be
used, such as cobalt zirconium (CoZr), cobalt zirconium
neodymium (CoZrNd), iron nitride FeN, iron silica (FeSi), and
the like. The H, of the layers can also be adjusted by
consideration of the magentostrictive forces on the poles and
selecting proportion of Ni to Fe in the pole material
accordingly. '

In the embodlment of Flg. 2B, a non-magnetic layer 34 is
sandwiched between the high H, layer 30 and the low H, layer
32. The non-magnetic layer 34 may also be electrically
insulating, if desired} a 200 & layer of Al,0, is one such type
of layer. '

To avoid erroneous operatlon, the non-magnetic layer 34
must not be thick enough to appear to be a gap 18. However,
the primary ¢onsideration dictating the thickness of the non-
magnetic layer 34 is the need to achieve the desired type of
coupling between the two magnetic layers 30 and 32. As
previously mentioned, the two layers 30 and 32 must be
decoupled in terms of internal domain flux, that is, the flux
inherent in their domain structures. 1In other words, the
thickness of the nqn-magnetie layer 34 is chosen such that the
two magnetic layers 30 and 32_assume a domain pattern which is
essentially the same as if they were not proximate to each
other. However, layers 30 and 32 must be coupled in terms of
external signal flux, that is, the far-field flux applied to
the pole by outside forces such as the coils 24 or the disk 20.
This can be accomplished by suitable thickness of the layer 34,
since the magnitude of the domain flux is typically on the

order of 10 kilo-gauss, and the. signal flux is on the order of
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Fig. 2C 1s a cross sectlonal view of another embodiment of
the lower pole 12b. We refer to this as a sculpted pole, since
the high H, layer 30 is only partially covered by the low H,
layer 32, to the extent of the yoke 16. A non-magnetic layer
is not necessary in this arrangement, since the absence of the
low H;, layer 32 in the area of the tip 12 provides inherent
isolation.

Fig. 2D is a cross sectional view of a sculpted pole em-
bodiment similar to that'of'Fig. 2C, but having a non-magnetic
layer 34 which is-Co-ektensiVe with the low H, layer 32 in the
yoke 16. This embodiment'may-be used wherever additional iso-
lation is required.

Fig. 2E shows yet another variation. Here, the high Hy
layer 30 is placed in the vicinity of the tip 14 only. The low
H, layer 32 forms the yoke 16, and extends slightly into the
tip 14, over the high H, layer 30. This embodiment also
eliminates the need for a non-magnetic layer.

The embodiments depicted in Figs. 2C, 2D and 2E all pro-
vide the same advantages as_the Fig. 2B embodiment, while also
providing a mechanism for eliminating the false gap problem
sometimes experienced with a non-magnetic layer 34 which ex-
tends into the tip 14. However, this is achieved at the ex-
pense of a more cdmplicated fabrication process, which must
mask various areas of the layers to achieve the specific
desired shapes. -

Fig. 3A is a plan view of the lower pole 12b showing sec-
tion lines 3~3 along which the views of Figs. 3B-3E are taken.

Figs. 3B-3E depict various embodiments of the invention
wherein the two layers are a laminated layer 33 and a
homogeneous layer 35. Laminated pole structures are the sub-
ject of a co—pending United States patent application entitled
“Laminated Poles for Recording Heads", serial number
07/128,866, filed 12/4/87 and assigned to Digital Equipment
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corporation, which should be referred to for more details.

As shown in‘Fig. 3B, the laminated layer 33 consists of a
plurality of magnetic conductive films 36 and insulating films
38 alternately disposed upon one another. The magnetic
conductive films are fabricated from any convenient NiFeCo
alloy, and the insulating films 38 from an insulating material
such as Al,0,.

The homogeneous, or unlaminated layer 35 disposed adjacent
the laminated layer 33 provides flux spreading along domain
walls in the yoke 14 and additional conductance down the longer
axis of the pole 12b.

Figs. 3C, 3D, and 3E, respectively, depict the laminated
layer embodiment using a sculpted pole without a non-magnetic
layer 34, a sculpted pole with a non-magnetic layer 34, and an
embodiment using overlapping layers 33 and 35.

The laminated layer 33 has intrinsically high magentic
permeability, g, since its magnetization domains close in upon
themselves. This also achieves suppression of eddy currents by
means of the multiple laminations, and hence enhanced high
fregquency performance. .

This is evident from consideration of Fig. 4, which shows
the orientation of magnetic domains in the laminated layer 33.
An upper conductive film 36a is positioned above an insulating
film 38a which, in turn, is above a lower conductive film 36b.
Edge curling walls 42 are formed via magnetostatic and exchange
coupling about the periphery of the pole 12, thereby providing
conductive paths at the outside edges. A given cross section
of the laminated layer 33, such as along plane 4-4, thus has a
region of closure. For example, a domain is provided in the
"right" direction by the upper conductive film 36a, in the
"down" direction by the right-edge domain, in the "left" .
direction by the lower conductive film 36b, and in the "up"
direction by the left-edge domain. A high-permeability axis
for conduction is thus provided in the direction I of desired
flux conduction.
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In other words, since the laminated embodiment provides
domains of closure with the correct orientation, magnetic flux
conduction will inherently occur by magnetization rotation,
rather than by wall motion. Thus, this structure has
.intrinsically high permeability, and there is less of a need to
use high H, material for narrow track heads.

Figs. 5A and SB depict the homogeneous sculpted embodiment
of the lower pole 12b in certain stages of fabrication, as
viewed in the direction 5 of Fig. 2D. The lower pole 12b is
constructed by first plating or sputtering approximately 2 um
of high H, material, such as NixFeyCoz, onto a substrate or
wafer 46 to form the high H, layer 30. The wafer 46 is
. typically formed from an aluminum-silicon-magnetic (alsimagq)
composite material. A 500 & Al,0,; non-magnetic layer 34 is
sputtered on, followed by sputtering a seed layer 48 of low H,
material, such as Ni Fe,Co,. Photoresist 50 is then applied to
define and expose dnly the yoke 16, and then approximately 4 pum
of Ni Fe,Co,6 is plated to complete the low H, layer 32. The
photoresist 50 is then removed. _

The next step, as shown in Fig. 5B, is to ion mill the
entire pole 12b to remove about 2 um of material. This
separates the péle 12b from other poles formed on the wafer 46,
and reduces the thickness of the low Hy, layer 32 to the desired
2 pm, all in oné step.

A variation on this technique which requires less
processing to achieve the same result (i.e., two layers having
different H, 's separated by a non-magnetic, electrically
insulating layer) is as follows. The high H, layer 30, the
non-magnetic layer 34, and the plating seed layer 48 are sheet-
deposited in a vacuum (e.g. by'sputtering, evaporation, etc.).
The low H, layer 32 is then plated through a mask at an excess
thickness. After stripping the mask, the extra-thick upper
layer 32 is itself is used as a mask to ion mill its geometry
into the bottom layer 30. The excess thickness is chosen such
that the desired final thickness of the top layer 32 is
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achieved when the ion beam etch processing of the lower layer
30 is complete. ‘

A third variation.requiring even less processing can be
used, especially when a insuiating spacer layer is not
required. In this approach, the high H, layer 30 of NixFeYCOz
is plated through a mask onto a seed layer 48. Next, if
desired, a thin (e.g. 500 A) non-magnetic layer 34 is plated
through the same mask onto the Bottom NixFeyCoz layer. Finally,
the upper Ni Fe Co, layer 32 is plated through the same mask.
The mask is stripped and the seed layer 48 is removed by
etching.

To fabricate the sculpted embodiment of Fig. 2D, Ni Fe Co,
can be first plated through a mask onto a seed layer 48 to form
a layer that extends throughout the yoke 16 but not into the
tip 14. The mask then stripped, and the non-magnetic layer 34
and a seed layer are vacuum—deposited. A second mask is formed
that exposes the yoke 16 and tip 14 régions, and a NixFeyCoz
layer is plated on top of the Ni Fe Co, layer. The mask is
stripped and the séed and non-magnetic layers are then etched
away.

A variation on the sculpting process that requires less

- processing may or may not use a thin non magnetic conductive
spacer layer between the two NiFeCo alloy layers. In the yoke
region only, a low H,, Ni Fe Co, alloy is plated through a mask
i onto a seed layer. A non-magnetic layer may or may not be

: plated through the same mask onto the Ni Fe Co, layer. The

mask is then re-exposed and re-developed in order to open a
window in the tip region 14. The high Hy, NixFeYCoz layer is
then plated, the mask is stripped, and the seed layer is etched
to complete the pole 12. _

Processing for the laminated embodiment, as shown in Figs.
6A and 6B, is quite similar. Howeveﬁ, the laminated layer 33
is produced by alternately sputter-depositing about 100-1000
angstroms (&), of NiFeCo alloy as a conductive film 36 and 10-
100 (&) of Al,0; as an insulating film 38 until a total
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thickness o% about 1-2 um is reached. At this point, if
the non-magnetic layer 34 is desired, a thicker 150-5004 Al,0,
layer is sputter deposited. This is followed by sputtering a
thin NiFeCo alloy film which serves as a seed for subsequent
plating of a 2-4 pm thick, homogeneous layer 35. There are no
other major process step variations, other than this sequence
of alternate sputtering of materials to form the laminated
layer 33. '

The foregoing description has been limited to a specific
embodiment of this invention. It will be apparent, however,
that variations and modifications may be made to the invention,
with the attainment of some or all of its advantages. There-
fore, it is the object of the appended claims to cover all such
variations and modifications as come within the true spirit and
scope of the invention.

This Sheet Has Been Replaced

L




must  be formed by slower, nore precise processes. For exanple, this process

typically requires sputtering a sheet deposit and then ion m-lling: the polem._.
formwi th a mask, rather than the | ess expensive electro-platl hr

mask.- Additionally, any ion mlling required to formthe pole eplaced
t he adverse effect of side-wall redeposition. This means that t ‘"ﬂ
the ion mlling time, the greater the chance that redeposited

buil d up rovide a short circuit path between Iayers
ther eby ummu Hﬂm“mﬂﬁmng the eleggsrical and as of the
* Fur tthe® désctission of the tradeof f 5| iThild BHAET HRAMBEEAd

REPLACED

Claims

1. A magnetic recording head including at least one
laminated pole member having a tip portion and a yoke portion,
wherein the pole comprises:

a first flux-conductive layer having high anisotropy
(Hy) and low permeability (g);

a second flux-conductive layer having low H, and high p;
and

means for reducing the domain flux coupling between the
two layers such that the amount of domain coupllng is as though
the layers were spaced far apart.

2. A magnetic recording head as in claim 1 additionally
comprising:

means for permitting signal flux coupllng between the
two layers.

3. A magnetic recording head as in claim 1 wherein the two
layers of material are dimensioned to extend throughout both
the tip and yoke portions of the pole.

4, A magnetic recording head as in claim 1 wherein the
high H; layer is a homogeneous layer of high H, ferromagnetic
material.

S. A magnetic recording head as in claim 1 wherein the low
H, layer is a homoggneous layer of low H; ferromagnetic
material. ,

6. A magnetic recording head as in claim 1 wherein the
high H; layer is a homogeneous layer of nickel-iron-cobalt
alloy (NiFeCo).

7. A magnetic recordinq head as in claim 1 wherein the low
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 (NiFeCo).
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8. A magnetic recording head as in claim 1 wherein the low
Hy layer is a homogeneous layer of nickel-iron alloy (NiFe).

9. A magnetic recording head as in claim 1 wherein the
high H; layer has a lower magnetic impedance flux path than any
other layer in the tip portion.

io0. A magnetic recording head as in claim 1 wherein the low
H, layer has a lower magnetic impedance flux path than any
other layer in the yoke portion.

11. A magnetic recording head as in claim 1 wherein the
means for decoupling additionally comprises:

a non-magnetic layer, disposed between the first and
second layers.

12. A magnetic recording head as in claim 11 wherein the
non-magnetic’ layer is a layer of aluminum oxide (Al,0;).

13. A magnetic recording head as in claim 11 wherein the
non-magnetic layer has a thickness which minimizes domain flux
coupling between the first and second layers.

14. A magnetic recording head as in claim 1 wherein the
high H, layer is dimensioned to extend into both the tip and
yoke portions, and the low H, layef is dimensioned to extend
into the yoke portion only.

15. A magnetic recording head as in claim 14 additionally
comprising:

a non-magnetic layer, disposed between the two layers,
and being dimensioned to extend into the yoke portion only.
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16. A magnetic recording head as in claim 1 wherein the
high H, layer is dimensioned to extend into the tip portion
only, and the low H, layer is dimensioned to extend throughout
the yoke portion and to overlap the high H, layer in the tip
portion.

17. A magnetic recording head including at least one
laminated pole member having a tip portion and a yoke portion,
wherein the pole comprises:

a first flux-conductive homogeneous layer;

a second flux-conductive laminated layer comprising a
plurality of material laminae; and

means for reducing the domain flux coupling between the
two layers such that the amount of domain coupling is as though

the layers were spaced far apart.

18. A magnetic recording head as in claim 17 wherein the Hy
of the homogeneous layer is chosen to optimize its performance
in the yoke portion.

19. A magnetic recording head as in claim 17 wherein the
permeability of the laminated layer is chosen to optimize its
performance in the tip portion.

20. A magnetic recording head as in claim 17 wherein the

laminae are formed from alternately spaced films of

magnetically insulating and magnetically conductive material.
. . '

21. A magnetic recording head as in claim 20 wherein the

magnetically insulating film material is Al,0;.

22. A magnetic recording head as in claim 20 wherein the
magnetically conductive film material is ‘an NiFeCo alloy.
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23. A magnetig recording head as in claim 20 wherein the

nomogeneous layer is formed of a nickel-iron-cobalt alloy
(NiFeCo) . |

24. A magnetic recording head as in claim 17 additionally
comprising:

a non-magnetic layer, disposed between the homogeneous
and laminated layers. |

25. A magnetic recording head as in claim 17 wherein the
laminated layer extends into both the tip and yoke portions,
and the homogeneous extends into the yoke portion only.

26. A magnetic recording head as in claim 25 additionally
comprising:

a non-magnetic layer, disposed between the homogeneous
and laminated layers, and being dimensioned to extend into the
yoke portion only.

27. A magnetic recording head as in claim 17 wherein the
laminated layer extends into the tip portion only, and the
homogeneous layer extends throughout the yoke portion and

overlaps the laminated layer in the tip portion.

28. A magnetic recording device comprising:

means for mechanically supporting a magnetic storage
disk;

a-first magnetically conductive pole member having a tip
end and a yoke end, with the width of the pole at the tip
defined by a desired tracks per inch (TPI);

a second magnetically conductive pole member having a
tip end and a yoke end, with the width of the pole at the tip
defined by the desired TPI, the first and second poles being

- joined at the yoke and being spaced apart at the tip;

a magnetically non-magnetic gap layer, disposed between
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the first and second poles and defining the tip spacing, the
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gap layer containing a plurality of electrical conductors
disposed therein for connecting to electrical circuit coils;

wherein each one of the first and second poles further
comprises: _

a high H,, flux-conductive layer formed of a
high anisotropy (H,) and low permeability (p) material and
extending throughout the pole from the tip to the yoke, the
high Hy, layer providing the lowest impedance magnetic-flux path
in the tip;

a low H,, flux-conductive,'homogeneous layer
formed of a low H, and high g nickel-iron material, and
extending throughout the pole from the tip to the yoke, the low
H, layer providing the lowest magnetic-flux path in the yoke;
and

means for decoupling the two layers in terms of
domain coupling.

29. A magnetic recording device as in claim 28 wherein each
pole additionally comprises:

a flux-insulating layer, disposed between the
high Hy and low H, layers, the flux-insulating layer being
formed of aluminum oxide (Al,03), and having a thickness which
minimizes the domain flux conduction between the high H, and
low H, layers, while allow1ng signal flux conduction between
then..

30. A magnetic recording device as in claim 28 wherein the
high H, layer is a homogeneous layer of a high H,, nickel-iron-
cobalt material.

31. A magnetic recording device as in claim 28 wherein one
of the layers is a laminate formed of alternating films of
magnetically conductive NiFe and magnetically insulating Al,0;.
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32. A magnetlc recordlng head comprising:

a first magnetlcally conductive pole member having a tip
end and a yoke end, with the width of the pole at the tip
defined by a desired tracks per inch (TPI);

a second magnetically conductive pole member having a
tip end and a yoke end, with the width of the pole at the tip
defined by the desired TPI, the first and second poles being
joined at the yoke and being spaced apart at the tip;

a magnetically non-magnetic gap layer, disposed between
the first and second poles and defining the tip spacing, the
gap layer containing a plurality of electrical conductors
disposed therein for connecting to electrical circuit coils,

ﬁherein each one of the first and second poles further
comprises:

a high H,, flux-conductive, high anisotropy (H,)
and low permeability (p) layer, extending throughout the pole
from the tip to the yoke, the high H, layer providing the
lbwest impedance magnetic-flux path in the tip;

a 1ow Hk, flux-conductive, homogeneous layer
formed of a low H, and high p nickel-iron material, and
extending through the pole in the region of the yoke only, the
low H, layer providing the lowest magnetic-flux path in the
yoke; and | |

' means for blocking domain flux coupling between
the two layers.

33. A magnetic recording head as in claim 29 wherein each
pole additionally comprises:

' a flux-insulating layer, disposed between the
high H, and low H, layers only in the yoke portion, the flux-
insulating layer formed of aluminum oxide (Al,0;), and the
thickness of the flux-insulating layer such that magnetostatic

coupling between the high H, and low H, layers is minimized.

34. A magnetic recording head as in claim 29 wherein the



i ncludi-ng a | am nated pol e nenber having relatively narrow tip portion -and-
a relatively wide yoke portion, wherein the pole conpri Ses:ThisSheet g2 e&h?t

. ) ) . eplaced
fl ux-conductive honogenous |ayer having a low anistropy (H eHm,##"

hi gh pernmeability ([err]); a second fl ux-conductive |am MFI,H"I |
havi ng a hi gh

—_——— .

Iy

high H, layer is a homogeneous layer of a high H;, nickel-iron-
cobalt (NiFeCo) material.

SHEET HAS BEEN
TS S rrLacED

vy

35. A magnetic recording head as in claim 29 wherein the
high H, layer is a laminate formed of alternating films of
magnetically conductive NiFe and magnetically insulating
aluminum oxide (Al,0,).

36. A magnetic recording head éomprising:

a first magnetically conductive pole member having a tip
end and a yoke end, with the width of the pole at the tip
defined by a desired tracks per inch (TPI);

a second magnetically conductive pole member having a
tip end and a yoke end, with the width of the pole at the tip
defined by the desired TPI, the first and second poles being
joined at the yoke and being spaced apart at the tip;

a magnetically non-magnetic gap layer, disposed between
the first and second poles and defining the tip spacing, the
gap layer containing a plurality of electrical conductors
disposed therein for connecting to electrical circuit coils,

wherein each one of the first and second poles further
comprises:

a high H,, flux-conductive, high anisotropy (H,)
and low permeability (g) layer, extending into the region of
the pole adjacent the tip only, the high H, layer providing the
lowest impedance magnetic-flux path in the tip;

a low Hy,, flux-conductive, homogeneous layer
formed of a low H, and high p nickel-iron material, and
extending throughout the pole from the tip to the yoke, the low
H, layer providing the lowest magnetic—flux path in the yoke;
and

_ means for decoupling the two layers in terms of
domain flux (near-field) coupling, and for coupling the two

laYers in terms of ‘signal flux (far—field) coupling.
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37. A magnetic recording head as in claim 36 wherein the
high H, layer is' a homogeneous layer of a high H,, nickel-iron-
cobalt (NiFeCo) material.
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38. A magnetic recording head as in claim 36 wherein the
low H;, layer ié a laminate formed of alternating films of
'magnetically conductive NiFe and magnetically insulating
aluninum oxide (Al,0;).

39. A process for fabricating a magnetic recording head, the
head including at least one pole member having a tip portion
and a yoke portion, the process of fabricating the pole
comprlslng the steps of laying down, onto a substrate, in
succession:

a first flux-conductive layer of a high anisotropy (Hy)
and low permeability (u) material;

a non-magnetic, insulating material layer for preventing
domain flux coupling; and

a second flux-conductive layer having low H, and high p.

40. © A process as in claim 39 wherein the high H; flux-
conductive layer is formed to extend from the tip to the yoke.

41. A process as ‘in claim 39 wherein the insulting layer is
formed to extend from the tip to the yoke.

42. A process as in claim 39 wherein the second flux-

conductive layer is formed to extend from the tip to the yoke.

L

43. A process as in claim 39 wherein the second flux-
conductive layer is formed to extend only into the yoke.

44. A process as in claim 43 wherein the insulating layer is

formed to extend bnly into the yoke. = - o
R 0 R
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45. A process as in claim 39 wherein the first flux-

4
conductive layer is formed as a homogeneous layer of a high H,
material.

46. A procéss as in claim 39 wherein the first flux-
conductive layer is formed by plating.

47. A process as in claim 39 wherein the first flux-
conductive layer is formed by sputtering.

48. A process as in claim 39 wherein the non—magnetic layer
is formed by plating. '

49. A process as in claim 39 wherein the non-magnetic layer
is formed by sputtering.

50. A process as in claim 39 wherein the second flux-
conductive layer is formed by plating.

51. A process as in claim 39 wherein the second flux-
conductive layer is formed by sputtering.

52. A process for fabricating a magnetic recording head for
use with a magnetic recording media, the head including at
least one pole member having a tip portion and a yoke portion,
and the of fabricating a pole comprising, in order, the steps
of:

alternately sputtering films of a magnetic conductive
material and a magnetic insulating material to provide a first
flux—-conductive layer having intrinsically high permeability
(n);

sputtering a non-magnetic, non-conductive material layer
that prevents domain flux coupling;

sputtering a seed layer of conductive material; and

plating a second flux-conductive layer having high H,
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53. A process
conductive layer

54. A process

as

is

as

is plated to extend

55. A process
conductive layer

56. A process
conductive layer

57. A process

as

is

as
is

as

is plated to extend
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in claim S2 wherein the high H, flux-
formed to extend from the tip to the

in claim 52 wherein the non-magnetic
from the tip to the yoke.

in claim 52 wherein the second flux-
plated to extend from the tip to the

in claim 53 wherein the second flux-

- plated to extend only into the yoke.

in claim 54 wherein the non-magnetic
only into the yoke.
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Briref Description of the Draw ngs The above and further advantages of
the sinvention may be better understood by referring to the follow ng
description in conjunction with the acconpanyi ng draw ngs, in which:

Fig. 1 is an isonetric view of a two-pole thin film head;
a plan view of the | ower pole having a honbgeneous hlgh H[err]

Fig. 2Ais
Iayer

I
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MAGNETIC POLE CONFIGURATION FOR HIGH DENSITY THIN FILM

"RECORDING HEAD
A thin filn' magnetic recording head for high-density

recoxding applicatiohs. Thée head includes a pole formed from

at least two ferromagnetic material layers with one layer
having high anisotropy (H,) and low permeability (g), and
other layer having low H, and high pu. The high H, layer

the

provides the lower magnetic impedance flux path in the tip

region and the 1ow'Hk layer provides the lower magnetic

impedance path in the yoke region of the head. A non-magnetic

film may be disposed between the layers, with a thickness

chosen to minimize domain flux coupling of the two magnet

ic

layers, while allowing magnetic signal flux transfer between

layers at an appropriate point between the tip and the yoke.

The pole may be sculpted so that the low H, layer extends

only

partially into the tip region, or so that the high H, layer

extends only partially into the yoke. Alternatively, the
invention may use a laminated, high permeability layer an

d a

homogeneous layer in place of the high H, and low H, layers.

i —— et ¢
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Fi.gs. 2B-2E are cross sectional views of various enbodi nents of the | ower

pol e taken along line 2-2 of Fig. 2A wth: Fig. 2B show ng the | ower
and upper magnetic nmaterial |ayers, and a m ddle non-nmagnetic | ayer of a.

t hree-1 ayer enbodi nent, Fig. 2C showi ng a scul pted pol e enbodi nent
according to the present invention w thout,a nqgn-nmagnetic | ayer, Fi g.

2D showi ng a scul pted pol e enbodi nent accoﬁhing to the

present inver
wi th a non-magnetic |ayer, and s




Fig. 2E showing a scul pted pol e enbodi nent according to the present

I nventi on using overl appi ng | ayers; Fig. 3Ais a plan view of the

| ower pole having a |aminated high Herr] |ayer; Fig. 3B-3E are cross
sectional views of various enbodinents of the | ower pole taken along |ines
3-3 of Fig. 3A, with: Fig. 3B showi ng three | ayer enbodi nent having a
| ami nated | ower nagnetic |ayer, mddle nofmagnetic |ayer, and upper
honbgeneous magnetic Iayer Fig. 3C showi ng a scul pted pol e enbodi nent

according to the

12b
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pr€sent- i nventi on wi t hout a non-magnetic |ayer, Fig. 3D show ng a

scul pt-ed pol e enbodi nent according to the present invention with a

non- magneti c | ayer, and Fig. 3E showi ng a scul pted pol e enbodi nent
according to the present invention using overlapping |ayers; Fig. 4is
an i'sonetric view of a |l am nated | ayer showigg :

FIG. 3A
TIP YOKE
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. 36
38
34~ _ ny 7 FIG. 38
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Fi.gs. .5A and 5B depict the preferred manner of fabricating certain portions
of the honobgeneous enbodi nent of the head; and Figs. 6A and 6B depi ct
the preferred manner of fabricating certain portions of the |am nated
~enbodi nent of the head. Detail ed Description of Illustrative

Enbodi nent s As shown in Fig. 1, a thin filmmagnetic head 10 in .
accordance with the invention includes an upxr pole 12a and a | ower pole
12b (collectively, "the poles 12"). The pol 12 are generally Y-shaped,
and are formed froma ferronmagnetic
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fl ux-conhductive material, such as a nickel-iron-cobalt (N FeCo) alloy. They
are magnetically isolated at the narrow end, or tip 14, such as by
mechani cal |y spacing themapart. In addition, the poles 12 are magnetically
coupted at the wi de end, or yoke 16, such as by nechanically joining them
The space between the poles 12 at the tip 14 is referred to as a gap 18,
which is further defined by a rigid gap |ayer 19 di sposed between the pol-es
12 and extending fromthe tip 14 to the yoke 1€ The gap layer 19 is fornmed
of a material which is both non-magnetic and electrically insulating, such
as [err]. _
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A rldg% 22 forned in the upper pole 12a allows the gap Iaver 19 to
acconmpdate a plurality of coiled conductors 24 positi NGk

pol es 12.

-the head 10.

The conductors 24 serve to conduct electric curﬁg LWTW’ HAEET

In addition, other configurations of the ude
third pole (not shown in the draw ngs) disposed between_t n uhbér DU e 17
and | ower pole 12b to form a second gap. A magnetic nedia, such asa
di sk 20, is spaced opposite the poles 12 at the tip

Appang, e
recorded information. Qther types of magnetic ijedia ;ﬂggiggggggf@%ere

head 10, such as magnetic tape. During read operatio

L]IC

MAGNETIC POLE CONFIGURATION FOR HIGH DENSITY
THIN FILM RECORDING HEAD

Cross-Reference to Related Applications

This invention relates to the following co-pending patent
applications, all of which are assigned'to the assignee of this
application as of the date of filing:

“"Laminated Poles for Recording ﬁeads", serial number
07/128,866, filed December 4, 1987.

"Flux Spreading Thin Film Magnetic Device"Y, serial number
07/227,808, filed June 28, 1988.

"Magnetic Devices with Enhanced Poles", serial number
07/345,719, filed May 1, 1989.

Field of the Invention

This invention relates generally to magnetic disk drives
and particularly to the configuration of a thin film head which
increases recording density and data transfer efficiency.

»

Backg;ound of the Invention

A typical magnetic data recording device, such as a disk
drive, includes a magnetic storage mgdia, and a read/write
head. The head is usuélly formed from two or more elongated
pieces of a.suitable ferromagnetic material such as a nickel
iron (Ni?e)'alloy; The-poles are joined at one end, called the
ycke, and1Are separated by a precisely defined gap at the
opposite éhd, called the tip. A wire coil is wrapped around
the poles adjacent the yoke. - During read and write operations,
the head is p051t1@ned w1th'the th ﬁdrtlon;adjacent the disk;
the coil prov;des\a mechanlsm for‘erVan mégnetlc flux into as
well as sensing magnetic flux from ‘the head.

In designing a disk drive it is generally desirable to
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the head 10 is positioned with the tip 14 nearest the di-sk-20_As variqus_
sect ions of- the disk 20 having different recorded FEF L ACTMENT SHEET

.........................

THIS SHEET HAS BEEN
: REPLACED
increase the density of information recorded per unit area of
disk media SQrface, as well as the data transfer rate and
signal-to-noise ratio (SNR). These parameters are primarily
determined by the specific electro-mechanical configuration of
the head. For example, since the number of tracks per inch
(TPI) =available on a disk of a given size is determined by the
width of the tip, it is desirable to keep the tip as narrow as
possible. However, the yoke should be made as wide as
possible, to encourage magnetic flux conduction between the
poles and the coil. A wider yoke increases the available
amplitude of the signal emanating from the head, and thus the
number of bits per inch (BPI) recordable in a given track.
Given these conditions, it is well known that the preferred
head pole configuration has a narrow tip and a wide yoke.

However, other parameters must normally be considered to
achieve maximum recording density. For example, a

~ ferromagnetic pole can be fabricated to have an induced
anisotropy axis of preferred ﬁagnetic orientation, or "easy
axis"™. When this axis is oriented perpendicular to the
direction of flux conduction, the flow of flux through the head
can occur by the preferred process of rotation of the rest
state of magnetization away from the easy axis. The
preference for the material to remain magnetized in the easy
axis direction is also referred to as the anisotropy field, Hy .

: Unfortuhately, reducing the width of the pole beyond a
critical value results in the dominance of "edge closure

"domains" which are not oriented in the preferred direction.
Therefore, these edge closure domains encourage flux conduction
by domain wall motion'along the outer walls of the pole. While
this may actually facilitate flux conduction at low
frequenc1es, at higher frequenc1es the magnetlc permeability,
or p of the pole becomes unacceptably Jow. Furthermore,
defects in the head mater1a1 can perturb, the conduction of
magnetic flux along the domaln Walls,*resuitlng in Barkhausen

noise. Thus, the pole t1p cannot be made too narrow without
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9 ‘polarizations pass by the tip 14 a magnetic flg xﬁgfr@(el,s @f @p@th e
head 10-in-the direction of path I. ThIS changi ng magnetic ?/h égln turn
d

i nduces an electric current in the conductors 24, wh C[bet@f..d ............... 1@96
el ectronic indication of the

THiS SHEET HAS BEEN
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adversely affecting head performance.

One techn{que for minimizing the size of the edge closure
domains and thus for reducing the size of the tip is to
increase the Hy, of the pole material. Several other techniques
are known for adjusting the H,, such as adding cobalt to create
and NiFeCo alloy; changing the proportion of Ni to Fe together
with a change in the magneostrictive forces on the pole; or
using other materials, such as cobalt zirconium (Co2r), cobalt
zirconium neodymium (CoZrNd), iron nitride FeN, iron silica
(Fe$i), and the like. '

A gquite different concern arises with the yoke, however,
which complicates the choice of a suitable H,. 1In particular,
the yoke is less susceptible to Barkhausen noise, since its
wider path prevents the dominance of edge closure domains, and
thus the yoke usually provides sufficient flux conductivity.
Rather, the problem with the yoke usually is that the
permeability, p, of the material is inversely proportional to
its Hy,. Having too low a g limits the amount of flux
conduction through the coil. fThus, it is generally believed
that the H, of the pole material should be kept low in order to-
avoid adverse affects upon the overall head efficiency.

A further consideration is the thiéknesses of the poles in
the dimension parallel to the write track. Optimum pole
thickness is dictated primarily by surface eddy currents, which
originate from variations in the applied or detected magnetic
field as different sections of the disk rotate past the head.

At high frequencies, the presence of eddy currents generally
limits flux conduction to the extent of the surface effect or
"skin depth". Since thicker'poles generally provide greater
material for conduction, the thicker the pole, the better the
conductivity. However, increasing the pole thickness beyond
about twice the skin depth can adversely affect the pole's
frequency response.

To optimize the SNR, other parameters should also be
considered in determining the pole thickness. For example,
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sensed r'ragnetic field. During wite operations the procgss.is
revérsed,” with a current of either polarity being applied thyqu t-he
conductors 24. This creates a magnetic field in one directio Q,,gi}_ He %)Ti\hTSHEET
along the path I, with sufficient strength to set the nagnet @Qénhgq@\,a 1%5,
smal | portion of the disk 20 adjacent the tip 14. A dis
feature of the invention is the way in which the poles 12 S=8QNSL I UC
In particular, the poles 12 are lam nated fromtw or nore Ibfyxgrgj_.;_ R ,
each | ayer havi ng specific characteristicsi®One enbodi nent}jof ar;a%p SBEEN

consider that any given head configuration can be modelled by
an eéuivalent electrical circuit consisting of an ideal
inductor having a series resistance, R,, and a parallel
resistance, Rp. In order to maximize the available SNR, the
output signal level, and hence, Rp, must be as large as
possible. Since Rp is typically inversely proportional to the
pole thickness, in order to achieve high R,, the thickness must

0 be minimized. Hence, a compromise must typically be made
between maximum frequency operation and maximum SNR when
choosing the pole thickness. '

A higher RP can also be obtained by decreasing the H, of
the pole material, but this conflicts with the need to increase
H, to encourage maximum flux conduction through the tip, as
previously mentioned. '

One approach to resolving some of these de51gn tradeoffs
has been to use a pole formed from multiple laminations. Such
multiple laminations inherently provide the desired domain
structure, since flux paths are provided in parallel by the
laminated layers. They also increase the Rp of the pole for a
given pole thickness.

However, fabrication of laminated poles involves a more
complicated and expensive fabrication process, since the layers
must be formed by slower, more precise processes. For example,
this process typically requires sputtering a sheet deposit and
then ion milling the pole form with a mask, rather than the
less expensive electro-plating through a mask. Additionally,
any ion milling required to form the pole geometry has the
adverse effect of side-wall redeposition. This means that the
longer the ion milling time, the greater the chance that
redeposited material will build up sufficiently to provide a
short circuit path between layers, thereby unfavorably changing
the electrical and magnetic properties of the head.

Further discussion of the tradeoffs in thin film head

‘design and some suggested alternatives are discussed in the
following papers.

Sheet Has Been Replaced

U



exenpl ary pole 12b has a first ferromagnetic |ayer
ani.sotropy (Herr]) and | ow perneability ([err])

Ni[err]Fe[err]Co[err], and a second ferronmgnetic g ;
Hk and high [err] naterial such as Ni[err]Fe[err]Cof[err]. ;;;N”. od’ions
X, Yy, and z are chosen to provide the desired highffAfers= el/

simlarly, u, v, and w are chosen to provide the dvs#ﬂ%@rLEWHNSEEéN.n
| ayer 32. The two | ayers 30 and 32 are decoupled |rﬁﬁﬁyﬁﬁhaﬁ er nal
~domain flux, that is, the flux inherent =5 the domal n STT O He

- pole. In other words, the two magnetic |ayers assune a domain pattern t hat
~is essentially the same as if they

Mallary, M., et al., "Frequency Response of Thin FIlm
Heads with Long{tudinal and Transverse Anisotropy", presented
at the IEEE Conference on Magnetics in April, 1990.

Mallary, M., et al., "Three Dimensional Transmission Line
Model for Flux Conduction in Thin Film Heads", presented at the
34th Annual Conference on Magnhetism and Magnetic Materials
(1989).

Mallary, M., and Smith, A.B., "Condgction of Flux at High
Frequencies by a Charge Free Magnetization Distribution", IEEE
Transactions on Magnetics, Vol. MAG~24', pp. 2374~ (1988).

Mallafy, M., “"Conduction of Flux at High Frequencies in
Permalloy Strips by Small-Angle Rotations®, Journal of Applied
Physics, Vol 57, pp 3953- (1985).

What is needed is a thin film magnetic recording head
which provides the desired domain structure in the tip and good
flux conduction in the yoke region to provide for maximun
density recording at acceptable SNRs. The head should be
easily fabricated with minimal use of ion milling.

Summary of the Invention

The invention is a thin film magnetic recording head which
includes a pole comprising two magnetic “layers formed of
ferromagnetic material, with one layer formed of a material
having high H, ahd low g, and the other layer formed of a
material having low H, and high u. The layers as decoupled in
terms of near-field, or internal domain flux, so that the pole
behaves as though they were positioned far apart. However, the
two magnetic layers are coupled in terms of far field, or
signal flux applied from external sources. As a result, the
high H, layer provides the lower magnetic impedance path in the
pole tip region, and the low H; layer provides the lower
maénetic impedance path in the yoke region.

The H, of the layers can be selected by any suitable
means. For example, both pole layers may be each be formed
from nickel—iron—cobalt (NiFeCo) with the low H, layer being an
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were very far apart from each other. However, |ayers 30 and 32 are coupled
in terns of external signal flux, that is, the far [ et PR Y) - TaTall dd to

t he pol e by outside forces such as the coils 24 or tﬁ#@?ﬁ‘?@f{""z‘d'ﬂ%ﬁfmw al so
be said that the two |ayers are decoupled in terns gﬂn_earlmi@t;d,@ga _
exchange coupling. The high Hk layer 30 is the®arh of 1T858 gnet.i ¢
resistance in the ti'p 14, and the low Herr] layer 32 is the path of |east
magneti c resi stance in the yoke 16. e THIS SHEET HAS BEEN
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Ni,Fe Co, alloy: and the high H, layer being an Ni, Fe,Co, alloy.
The proportions u, v, and w are then chosen to provide the
desired low H,, and x, y, z are chosen to provide the desired
high H;. However, the cobalt may be omitted entirely from the
low H, layer, or other suitable ferromagnetic materials may be
used, such as cobalt zirconium (CoZr), cobalt zirconium
neodymium (CoZrNd), iron nitride FeN, iron silica (FeSi), and
the like. The H, of the layers can also be adjusted by
consideration of the magentostrictivve forces on the poles and
selecting the proportion of Ni to Fe ‘'accordingly.

Alternatively, the two magnetic layers may include a high
permeability layer extending through the pole region, and a
homogeneous layer extending through the yoke. The laminated
layer is composed of plurality of laminae formed from
alternating films of magnetic conductive and magnetic
insulating material.

In one embodiment, a non-magnetic, separation film or
layer may be disposed between the two magnetic layers. The
non-magnetic layer may be formed of a material which is both
non-magnetic and electrically insulating, if desired. 1Its
thickness is chosen to minimize magnetostatic coupling of the
two magnetic layers, while allowing magnetic flux transfer via
exchange coupling between layers at an appropriate point
between the tip and the yoke.

In yet another embodiment, the f%ke region is a sculpted
(thickened) low Hy, layer, which extends only partially over the

-high H;, layer, to further assist in providing the desired type
of coupling between layers. '

There are several advantages to the invention. It
exhibits the preferred domain behavior in the tip region,
namely,-cbnduction by magnetization rotation via the high Hy
material. In addition, the low H, material in the yoke region
provides both maximum flux spreading and high permeability.

The sculpted embodiment eliminates the need for using an
non-magnetic layer in some applications.

This Sheet Has Been Reilaced
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If a laminated layer is used, it achieves suppreséion of
eddy currents by'means of small skin depth, while also provides
high permeability, without the need to use high H, materials.

Fabrication of the poles is relatively straightforward,
with several process step variations depending upon the desired
pole configuration. For example, to fabricate the lower half
of the pole, a suitably thick (such as 2 pm) high H, layer is
first deposited onto an appropriate substrate by plating
through a mask onto a sputter-deposited seed layer. Next, a
non-magnetic 1ayef of about. 500 angstroms (&) thickness is
sputtered onto the high'Hk layer, followed by sputtering a low
H, seed layer. Additional low H, material is then plated
through a mask onto the seed layer to complete a suitably thick
low H), layer (such as 2 pgm). The seed layer is then removed by
etching. -

In the sculpted embodiment, high H, material is plated
through a mask onto a seed layer to form a layer that extends
throughout the yoke but not into the pole tip region. The mask
then stripped and the non-magnetic layer material and a seed
layer of low H, material are vacuum-deposited. A second mask
is formed that exposes the yoke and pole tip regions, and a low
H, material layer is plated on top of the hjigh H, material
layer. The mask is then stripped and the seed and non-magnetic
layers are etched away.

The laminated layer can be fabricatetl by alternately
sputtering 500-1000 & NiFeCo layers and ultra-thin 35-50 &
Al,0; layers onto a substrate until a total thickness of about
1-2 pm is achieved. At this point, a thicker 150 & Al,0; layer
is sputtered as the non-magnetic layer. Following this, a
NiFeCo seed layer is sputtered, and subsequent plaéing of

'NiFeCo to a 2~4 um total thickness completes the pole.
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10 \ As wi Il be understood shortly, this prOV|des th
of ‘having the preferred domain structure in the :
material, as well as the preferred structure in
Herr] naterial. As shown in Fig. 1, the up
a high Hk layer 30 and a low Hk layer 32. In th
the low Herr] layers 32 formthe outer faces of
Hk layers 30 formthe inner faces
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Brief Description of the Drawings

The above énd further advantages of the invention may be
better understood by referring to the following description in
conjunction with the accompanying drawings, in which:

Fig. 1 is an isometric view of a two-pole thin film head
according to the invention;

Fig. 2A is a plan view of the lower pole having a
homogeneous high H, layer;

Figs. 2B-2E are cross sectional views of various
embodiments of the lower pole taken along line 2-2 of Fig. 23,
with:

Fig. 2B showing the lower and upper magnetic material
layers, and a middle non-magnetic layer of a'three—layer
embodiment, _

Fig. 2C showing a sculpted pole embodiment without a non-
magnetic layer, '

Fig. 2D showing a sculpted pole embodiment, with a non-
magnetic layer, and

Fig. 2E showing a sculpted pole embodiment using
overlapping layers;

Fig. 3A is a plan view of the lower pole having a
laminated high H, layer; »

Fig. 3B-3E are cross sectional views of various
embodiments of the lower pole taken along lines 3-3 of Fig. 3A,
with: _ ' T

~ Fig. 3B showing three layer embodiment having a laminated
lower magnetic layer, middle non-magnetic layer, and upper
homogeneous magnetic layer,

Fig. 3C showing a sculpted pole embodiment without an non-
magnetic layer,

Fig. 3D showing a sculpted pole embodiment with an non-
magnetic layer, and

Fig. 3E showing a sculpted pole embodiment using
overlapping layers;

Fig. 4 is an isometric view of a laminated iayer showing
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adj acent the gap |layer 19, but the Iayers may al so be arranged I n ot her
orientations. Fig. 2Ais a plan view of the | : gin
greater ‘detail the general Y-shape and the appr oxi ﬁer’e&(‘tﬁﬁiﬁﬁﬁﬁa@ ip 14
and yoke 16. Fig. 2B is a cross sectional view of onﬁ qﬂgﬁ of
the lower pole 12b taken along lines 2-2 of Fig. 2A D¥ge.-hi-gh- Ige efl 30
is preferably a honpgeneously forned |ayer of ferrorragnetlc et erTal avi ng
an intrinsically high Herr]. For exanple, it may
| ayer of Ni[err]Fe[err]Co[err], with the"ﬁroportl
provide the desired Herr] of

THIS SHEERHASAERRbden t o
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the orientation of various magnetic domains;

Figs. 5a and 5B depict the preferred manner of fabricating
certain portions of the homogeneous embodiment of the head; and

Figs. 6A and 6B depict the preferred manner of fabricating
certain portions of the laminated embodiment of the head.

Detailed Description of Illustrative Embodiments

As shown in Fig. 1, a thin film magnetic head 10 in
accordance with the invention includes an upper pole 12a and a
lower pole 12b (collectively, "the poles 12"). The poles 12
are generally Y-shaped, and are formed from a ferromagnetic
flux~conductive material, such as a nickel-iron-cobalt (NiFeCo)
alloy. They are magnetically isolated at the narrow end, or
tip 14, such as by mechanically spacing them apart. In
addition, the poles 12 are magnetically coupled at the wide
end, or yoke 16, such as by mechanically joining themn.

The space between the poles 12 at the tip 14 is referred
to as a gap 18, which is further defined by a rigid gap layer
19 disposed between the poles 12 and extending from the tip 14
to the yoke 16. The gap layer 19 is formed of a material which
is both non-magnetic and electrically insulating, such as
Al,0;. ' ' .

A ridge 22 formed in the upper pole 12a allows the gap
layer 19 to accommodate a plurality of coiled conductors 24
positioned between the poles 12. The conductors 24 serve to
conduct electric current to and from the head 10. In addition,
other configurations of the head 10 may include a third pole
(not shown in the drawings) disposed between the upper pole 12a
and lower pole 12b to form a second gap. , '

A magnetic media, such as a disk 20, is spaced opposite
the poles 12 at the tip 14, and stores the recorded
information. oOther types of magnetic media may be used with
the head 10, such as magnetic tape; During read operations,
the head 10 is positioned with the tip 14 nearest the disk 20.
As various sections of the disk 20 having different recorded
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approximately 10 Cersteds 800A/m However, the exact thickness of the high
Hk l'ayer 30. depends upon several other considerations. ;EQL:§§§HQL§ it

‘is-too-thick, a pole tuning effect may occur, which agver '”'T T
shape of the electric signal pulse emanating fromthe
paral l el resistance (Rlerr]) of the pole nmay becone tpmgsal!
Hk layer is too thin, a lower electrical signal |evel S At the ..

conductors 24. The | ow Hk | ayer 32 extends the entire Iength o
pole 12b, fromthe tip 14 to the yoke 16. “he | ow H{F ==l |y
a hormogeneously fornmed Ni[err]Fe[err]Co[err] |ayer %Ei%; é@@é@%

polarizations pass by the tip 14, a magnetic flux travels
around the he&d 10 in the direction of path I. This changing
magnetic flux in turn induces an electric current in the
conductors 24, which provides an electronic indication of the
sensed magnetic field.

During write operations the process is reversed, with a
current of either polarity being applied through the conductors
24. This creates a magnetic field in one direction or the
other, along the path I, with sufficient strength to set the
magnetization of a small portion of 'the disk 20 adjacent the
tip 14.

A distinguishing feature of the invention is the way in
which -the poles 12 are constructed. In particular, the poles
12 are laminated from two or more layers, with each layer
having specific characteristics. One embodiments of an
exemplary pole 12b has a first ferromagnetic layer 30 formed of
a high anisotropy (H,) and low permeability (u#) material such
as NixFeYCoz, and a second ferromagnetic layer 32 formed of a
low H, and high g material such as Ni Fe Co,. The proportions
X, Y, and z are chosen to provide the desired high H, in layer
30; similarly, u, v, and w are chosen to provide the desired
low Hy, in layer 32. »

The two layers 30 and 32 are decoupled in terms of
internal domain flux, that is, the f}ux inherent in the domain
structure of the pole. 1In other words, the two magnetic layers
assume a domain pattern that is essentially the same as if they
were very far apart from each other. However, layers 30 and 32
are coupled in terms of external signal flux, that is, the far-
field flux applied to the pole by outside forces such as the
coils 24 or the disk 20. It may also be said that the two
layers are decoupled in terms of near field, or exchange
coupling.

The high H, layer 30 is the path of least magnetic
resistance in the tip 14, and the low H; layer 32 is the path
of least magnetﬁc resistance in the yoke 16.
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t hi ckness, with the proportions u, v, and w are chosen to provide the
desired-low.H err]. However, the exact thickness of ljayer 32"Ts™@ietated
the desired parallel resistance, R err], of the pole[12b, siin¢é:thi-sidrayer
carries the flux through the yoke 16. 10
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As will be understood shortly, this provides the novel
advantage of h%ving the preferred domain structure in the tip
14, via the high H, material, as well as the preferred
structure in the yoke 16, via the low H, material.

As shown in Fig. 1, the upper pole 12a also comprises a
high H, layer 30 and a low H, layer 32. In the illustrated
embodiment, the low H, layers 32 form the outer faces of the
poles 12, and the high H, layers 30 form the inner faces
adjacent the gap layer 19, but the layers may also be arranged
in other orientations. .

Fig. 2A is a plan view of the lower pole 12b showing in
greater detail the general ¥Y-shape and the approximate extent
of the tip 14 and yoke 16.

Fig. 2B is a cross sectional view of one embodiment of the
lower pole 12b taken along lines 2-2 of Fig. 2A. The high Hp
layer 30 is preferably a homogeneously formed layer of
ferromagnetié material having an intrinsically high H,. For
example, it may be a 2-4 pm thick layer of NixFeyCoz, with the
proportions x, y, and z chosen to provide the desired H, of
approximately 10 Oersteds (oer). However, the exact thickness
of the high H, layer 30 depends upon several other
considerations. For example, if it is too thick, a pole tuning
effect may occur, which adversely affects the shape of the
electric signal pulse emanating from the coils 24, and the
parallel resistance (Rp) of the polefmay become too small. If
the high H, layer is too thin, a lower electrical signal level
results at the conductors 24.

The low H;, layer 32 extends the entire length of the pole
12b, from the tip 14 to the yoke 16. The low H, layer 32 is
typically a homogeneously formed Ni Fe,Co, layer of about 2 um
thickness, with the proportions u, v, and w are chosen to
provide the desired low H,. However, the exact thickness of
;ayer 32 is dictated by the desired parallel resistance, Rp, of

the pole 12b, since this layer carries the flux through the
yoke 16. '

This Sheet Has Been Rerlaced

RGN




Those of skill in the art will recognize that there ar§ \
provi de 'l ayers having different Herr]'s. For

Those of skill in the art will recognize that there are
various ways tJ provide layers having different H.'s. For
example, both pole layers may be each be formed from nickel-
iron-cobalt (NiFeCo) alloy, with the low H, layer being an
Ni, Fe,Co, alloy, and the high H, layer being an NixFeYCOz alloy.
The cobalt may be omitted entirely from the low H, layer, i.e.,
w may be zero. Other suitable ferromagnetic materials may be
used, such as cobalt zirconium (CoZr), cobalt zirconium
neodymium (CoZrNd), iron nitride FeN, iron silica (Fesi), and
the like. The H, of the layers can also be adjusted by
consideration of the magentostrictive forces on the poles and
selecting proportion of Ni to Fe in the pole material
accordingly.

In the embodiment of Fig. 2B, a non-magnetic layer 34 is
sandwiched between the high H, layer 30 and the low H, layer
32. The non-magnetic layer 34 may also be electrically
insulating, if desired; a 200 A layer of Al,0, is one such type
of laver. '

To avoid erroneous operation, the non-magnetic layer 34
must not be thick enough to appear to be a gap 18. However,
the primary consideration dictating the thickness of the non-
magnetic layer 34 is the need to achieve the desired type of
coupling between the two magnetic layers 30 and 32. As
previously mentioned, the two layers 30 and 32 must be
decoupled in terms of internal domain flux, that is, the flux
inherent in their domain structures. In other words, the
thickness of the non-magnetic layer 34 is chosen such that the
two magnetic layers 30 and 32 assume a domain pattern which .is
essentially the same as if they were not proximate to each
other. However, layers 30 and 32 must be coupled in terms of
external signal flux, that is, the far-field flux applied to
the pole by outside forces such as the coils 24 6r the disk 20.
This can be accomplished by suitable thickness of the layer 34,
since the maqnitﬁde of the domain flux is typically on the

order of 10 kilo-gauss, and the signal flux is on the order of
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exanpl e both pole |l ayers may be each be formed from
(NlFeCO) alloy, with the ow Hk | ayer being an Ni[err
and the high Herr] |ayer being an Ni[err]Fe[err]Co[e rl])a
may be omtted entirely fromthe |ow Hk | ayer, ’_\
suitable ferromagnetic materials may be used, :
(CoZr), cobalt zirconium neodym um (CoZrNd), iron ni
(FeSi), and the like. The Herr] of the layers can &ksg &
consi deration of the magnetostrictive fordés on the poles
proportion of Ni to Fe in the pole material accordingly.

ck eJL, \r%&n\c 0| baI t
<8,

1 Oersted.

Fig. 2C ié a cross sectional view of another embodiment of
the lawer pole 12b. We refer to this as a sculpted pole, since
the high H, layer 30 is only partially covered by the low H,
layer 32, to the extent of the yoke 16. A non-magnetic layer
is not necessary in this arrangement,'since the absence of the
low H, layer 32 in the area of the tip 12 provides inherent
isolation.

Fig. 2D is a cross sectional view of a sculpted pole em-
bodiment similar to that of Fig. 2C, ' but having a non-magnetic
layer 34 which is co-extensive with the low H, layer 32 in the
yoke 16. This embodiment may be used wherever additional iso-
lation is required.

Fig. 2E shows yet another variation. Here, the high H,
layer 30 is placed in the vicinity of the tip 14 only. The low
H, layer 32 forms the yoke 16, and extends slightly into the
tip 14, over the high H; layer 30. This embodiment also
eliminates the need for a non-magnetic layer.

The embodiments depicted in Figs. 2C, 2D and 2E.all pro-
vide the same advantages as the Fig. 2B embodiment, while also
providing a mechanism for eliminating the false gap problem
sometimes experienced with a non-magnetic layer 34 which ex-
tends into the tip 14. However, this is achieved at the ex-
pense of a more complicated fabrication process, which must
mask various areas of the layers to achieve the specific
desired shapes.

Fig. 3A is a plan view of the lower pole 12b showing sec-—
tion lines 3-3 along which the views of Figs. 3B-3E are taken.

Figs. 3B-3E depict various embodiments of the invention
wherein the two layers are a laminated layer 33 and a '
homogeneous layer 35. Laminated pole structures are the sub-
ject of a co-pending United States patent application entitled
“Laminated Poles for Recording Heads", serial number
07/128,866, filed 12/4/87 and assigned to Digital Equipment
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In the enmbodi ment of Fig. 2B, a non-magnetic |ayer 34 j
t-He high Herr] layer 30 and the low Herr] |ayer 32.
| ayer 34 may al so be electrically insulating, if desig
| ayer of Al[err](Jerr] is one such type of |ayer.

be a gap 18. However, the primary considgration
the non- nmagnetic layer 34 is the need to achi evie=t
coupling between the two magnetic |ayers 30 and 32.
mentioned, the two | ayers 30 and 32 nust be

corporation, which should be referred to for more details.

As shown in'Fig. 3B, the laminated layer 33 consists of a
plurality of magnetic conductive films 36 and insulating films ‘
38 alternately disposed upon one another. The magnetic
conductive films are fabricated from any convenient NiFeCo
alloy, and the insulating films 38 from an insulating material
such as Al,0;.

The homogeneous, or unlaminated layer 35 disposed adjacent
the laminated layer 33 provides flux spreading along domain
walls in the yoke 14 and additional conduétance down the longer
axis of the pole 12b.

Figs. 3C, 3D, and 3E, respectively, depict the laminated
layer embodiment using a sculpted pole without a non-magnetic
layer 34, a sculpted pole with a non-magnetic layer 34, and an
embodiment using overlapping layers 33 and 35.

The laminated layer 33 has intrinsically high magentic
permeability, p, since its magnetization domains close in upon
themselves. This also achieves éuppression of eddy currents by
means of the multiple laminations, and hence enhanced high
frequency performance. .

This is evident from consideration of Fig. 4, which shows'
the orientation of magnetic domains in the laminated layer 33.
An upper conductive film 36a is positioned above an insulating
film 38a which, in turn, is above a lower conductive film 36b.
Edge curling walls 42 are formed via m}gnetostatic and exchange
coupling about the periphery of the pole 12, thereby providing
conductive paths at the outside edges. A given cross section
of the laminated layer 33, such as along plane 4-4, thus has a
region of closure. For example, a domain is provided in the
"right" direction by the upper conductive film 36a, in the
"down" direction by the right-edge domain, in the “left"
direction by the lower conductive film 36b, and in the "up"
direction by the left-edge domain. A high-permeability axis
for conduction is thus provided in the direction I of desired
flux conduction.
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decoupled in ternms of internal domain flux, that is,[ftH _
their doemain structures. In other words, the thickngs ;AR s, BTTEk | C
| ayer 34 is chosen such that the two magnetic |ayerg '

to each other. However, layers 30 and 32 nust be cOUp
external signal flux, that is, the far-fiel d|frooe=appd

out side forces such as the COI|S 24 or-ikhe dlsWHQESHE§n§A§éE~ge
acconpl i shed by suitabl e thickness of the Ia‘gf 4HaBLm@§Dt

the domain flux is typically on the order of
the signal flux is of the order

In other words, since the lamlnated embodiment provides
domains of closdfe’thh the correct orientation, magnetic flux
conduction will inherently occur by magnetization rotation,
rather than by wall motion. Thus, this structure has

.intrinsically high permeability, and there is less of a need to
use high H, material for narrow track heads.

Figs. 5A and SB depict the homogeneous sculpted embodiment
of the lower pole 12b in certain stages of fabrication, as
viewed in the direction S of Fig. 2D. The' lower pole 12b is
constrﬁcted by first plating or sputtering approximately 2 um
of high H, material, such as NixFeYCoz, onto a substrate or
wafer 46 to form the high H; layer 30. The wafer 46 is

. typically formed from an aluminum-silicon-magnetic (alsimag)
composite material. A 500 A Al,0, non-magnetic layer 34 is
sputtered on, followed by sputtering a seed layer 48 of low H,
material, such as Ni,Fe,Co,. Photoresist 50 is then applied to
define and expose only the yoke 16, and then approximately 4 um
of Ni,Fe,Co, is plated to complete the low H, layer 32. The
photoresist 50 is then removed. .

' The next step, as shown in Fig. 5B, is to ion mill the
entire pole 12b to remove about 2 um of material. This
separates the pole 12b ffom other poles formed on the wafer 46,
and reduces the thickness of the low H, layer 32 to the desired
2 pum, all in one step.

A variation on this technique whicH requires less
processing to achieve the same result (i.e., two layers having
different Hk's separated by a non-magnetic, electrically
insulating layer) is as follows. The high H, layer 30, the
non-magnetic layer 34, and the plating seed layer 48 are sheet-
deposited in a vacuum (e.g. by sputtering, evaporation, etc.).
The low H, layer 32 is then plated through a mask at an excess
thickness. After stripping'the mask, the extra-thick upper
layer 32 is itself is used as a mask to ion mill its geometry
into the bottom layer 30. The excess thickness is chosen such
that the desired final thickness of the top layer 32 is
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achieved when the ion beam etch processing of the lower layer
30 is complete. )

A third variation requiring even less processing can be
used, especially when a insulating spacer layer is not
required. 1In this approach, the high H, layer 30 of NixFeYcOz
is plated through a mask onto a seed layer 48. Next, if
desired, a thin (e.g. 500 A) non-magnetic layer 34 is plated
through the same mask onto the bottom NixFeYCOz layer. Finally,
the upper Ni Fe Co, layer 32 is plated through the same mask.
The mask is stripped and the seed layer 48 is removed by
etching. ) -

To fabricate the sculpted embodiment of Fig. 2D, Ni Fe,Co,
can be first plated through a mask onto a seed layer 48 to form
a layer that extends throughout the yoke 16 but not into the
tip 14. The mask then stripped, and the non-magnetic layer 34
and a seed layer are vacuum-deposited. A second mask is formed
that exposes the yoke 16 and tip 14 regions, and a NixFeyCoz
layer is plated on top of the Ni Fe Co, layer. The mask is
stripped and the seed and non-magnetic layers are then etched
awvay. _ ,

A variation on the sculpting process that requires less
processing may or may not use a thin non magnetic conductive
spacer ‘layer between the two NiFeCo alloy layers. In the yoke
region only, a low H,, Ni Fe ,Co, alloy is’plated through a mask
onto a seed layer. A non-magnetic layer may or may not be

' plated through the same mask onto the Wi Fe Co, layer. The

mask is then re-exposed and re-developed in order to open a
window in the tip region 14. The high H, NixFeyCoz layer is
then plated, the mask is stripped, and the seed layer is etched
to complete the pole 12.

Processing for the laminated embodiment, as shown in Figs.
6A and 6B, is quite similar. However, the laminated layer 33
is produced by alternately sputter-depositing about 100-1000
angstroms (A), of NiFeCo alloy as a conductive film 36 and 10-
100 (&) of Al,0; as an insulating film 38 until a total
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12 ) 1 Cersted (SOA/n) Fig. 2Cis a cross sectional view of
anot her - enbodi ment of the |ower pole 12b. W refer to this as a scul pted

pol'e, since the high Hk layer 30 is only partially oy 1 _,:_""
Herr] Tayer 32, to the extent of the yoke 16. A n n%@gtmﬁé@@ ux?

R ..J“' nii ui'f_s.T

Date : 1006‘199.6 ......

thickness oé about 1-2 um is reached. At this pOlnt, if
the non-magnetic layer 34 is desired, a thicker 150-5004 Al,0,
layer is sputter deposited. This is followed by sputtering a
thin NiFeCo alloy film which serves as a seed for subsequent

plating of a 2-4 pm thick, homogeneous layer 3S. There are no
other major process step variations, other than this sequence
of alternate sputtering of materials to form the laminated
layer 33. :

The foregoing description has been 1imi£ed to a specific
embodiment of this invention. It will be apparent, however,
that variations and modifications may be made to the invention,
with the attainment of some or all of its' advantages. There-
fore, it is the object of the appended claims to cover all such
variations and modifications as come within the true spirit and
scope of the invention.
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is not necessary in this arrangenent, since the absence of the Iow Hk Iayef”'
32 in‘the area of .the tip. .12 provides inherent isolation. Fig. 2Dis a
Cr-0ss sectlonal V|em10f a scul pted pole em bodi renFSFntkar-+o f

Fig. 2C, but tic layer 34 which ifs¥fco-extensijve;mit i the
' ke 16. Thi s enbodi nent nay bfﬂjﬂgf re er..
ui.r ed. - Fig. 2E s Retoy e _H

low Herr] laye
addi ti onal i so- g

variation. Here, the hlgh H[err] | aye[g:30 is pl aced T rie—wrctmity— t he
tip 14 only. The low Hk | ayer 32 forms the yoke db.—and extends slightly

into the THIS SHEET HAS BEEN
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Claims

1. A magnetic recdrding head including at least one
laminated pole member having a tip portion and a yoke portion,
wherein the pole comprises:

. a first flux-conductive layer having high anisotropy
(H,) and low perméability () ;
a second flux-conductive layer having low H, and high p;
and '

means for reducing the domain flux coupling between the

two layers such that the amount of domain coupling is as though
the layers were spaced far apart.

2. A magnetic recording head as in claim 1 additionally
comprising:

means for permitting signal flux coupling between the
two layers.

3. A magnetic recordinglhead as in claim 1 wherein the two
layers of material are dimensioned to extend throughout both
the tip and yoke portions of the pole.

4. A magnetic recording head as in claim 1 wherein the

high H, layer is a homogeneous layer of high Hy ferromagnetic
material. ’

5. A magnetic recording head as in claim 1 wherein the low
H, layer is a homogeneous layer of low Hy ferromagnetic

material.

6. a magnetic recording head as in claim 1 wherein the
high H, layer is a homogeneous layer of nickel-iron-cobalt
alloy (NiFecCo).

7. A magnetic recording head as in claim 1 wherein the low

—
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tip 14 over the high Herr] Iayer 30. This enbodi ma:b al,gg he

.need for a non-nmagnetic | ayer. The enbodi ments j |n I'—‘f‘@%ET C
2D and 2E a'rinsﬂfeaﬂayB&eRé &same advantages as the H Bate

while also p anismfor elimnating th

soneti nmes exd a non-magnetic 1"‘--;-.._._;_: the
ti.p 14. Howe I'S achl eved at the ex- an'é’ScﬂF'FETrmg(gp BE | cat ed
fabrication process whi ch nust mask various afleas d?mﬁ”imf,&;@yer o achi eve
the specific desired shapes. Figt®3A is a prar | ower pol e

12b show ng sec-

H, layer is a homogeneous layer of nickel-iron-cobalt alloy
(NiFeCo) .

8. A magnetic recording head as in claim 1 wherein the low
H, layer is a homogeneous layer of nickel-iron alloy (NiFe).

9. A magnetic recording head as in claim 1 wherein the
high H, layer has a lower magnetic impedance flux path than any
other layer in the tip portion.

10. A magnetic recording head as in claim 1 wherein the low
H, layer has a lower magnetic impedance flux path than any
other layer in the yoke portion.

11. A magnetic recording head as in claim 1 wherein the
means for decoupling additionally comprises:

a non-magnetic layer, disposed between the first and
second layers.

12. A magnetic recording head as in claim 11 wherein the
non-magnetic layer is a layer of aluminum oxide (Al,03).

13. A magnetic recording head as in claim 11 wherein the
non-magnetic layer has a thickness which minimizes domain flux
coupling between the first and second layers.

14. A magnetic recording head as in claim 1 wherein the
high H, layer is dimensioned to extend into both the tip and
yoke portions, and the low H, layef is dimensioned to extend
into the yoke portion only.

15. A magnetic recording head as in claim 14 additionally
comprising:

a non-magnetic layer, disposed between the two layers,
and being dimensioned to extend into the yoke portion only.
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tion lines 3-3 along which the views of Figs. 3B-3E ape.taken. ' Fi gs.
3B- 3E depi ct various enbodinents of the invention whefgin, Fhe Two
are a | aninated Iayer 33 and-a honogeneous |ayer 35. {Lam najgd™]

structures areThig Be a co-pending United afe>:. P e"""
application ent| ﬁl d Poles for Recording SR
07/ 128, 866, f|| 1987, which was COfEFREa

07/ 410028, filed on Septenmber 20, 1989, Zf assi n@dtst@-,@wqq/&sa S0y
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16. A magneﬁic.recording head as in claim 1 wherein the

high H, layer is dimensioned to extend into the tip portion
only, and the low H, layer is dimensioned to extend throughout
the yoke portlon and to overlap the high H, layer in the tip
portion.

17. A magnetic recording head including at least one
laminated pole member having a tip portlon and a yoke portion,
wherein the pole comprises:
. a first flux-conductive homogeneous layer;

a second flux-conductive laminated layer comprising a
plurality of material laminae; and _

means for reducing the domain flux coupling between the
two layers such that the amount of domain coupling is as though
the layers were spaced far apart.

18. A magnetic recording head as in claim 17 wherein the Hy
of the homogeneous layer is chosen to optimize its performance
in the yoke portion.

19. A magnetic recording head as in claim 17 wherein the
permeability of the laminated layer is chosen to optimize its
performance in the tip portion.
»

20. A magnetic recording head as in claim 17 wherein the
laminae are formed from alternately spaced films of
magnetically insulating and magnetically conductive material.

'
21. A magnetic recording head as in claim 20 wherein the
magnetically insulating film material is Al,05.

22. A magnetic recording head as in claim 20 wherein the
magnetical;y conductive film material is an NiFeCo alloy.
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23. A magnetig recording head as in claim 20 wherein the
homogeneous layer is formed of a nickel-iron-cobalt alloy
(NiFeCo) .

i

-21~-

24. A magnetic recording head as in claim 17 additionally
comprising:

a non-maghetic layer, disposed between the homogeneous
and laminated layers.
25. A magnetic recording head as in claim 17 wherein the
laminated layer extends into both the tip and yoke portions,
and the homogeneous extends into the yoke portion only.

26. " A magnetic recording head as in claim 25 additionally
comprising: | "

a non-magnetic layer, dispbséd between the homogeneous
and laminated layers, and being dimensioned to extend into the
yoke portion only.

27. A magnetic recording head as in claim 17 wherein the
laminated layer extends into the tip portion only, and the
homogeneous layer extends throughout the yoke portion and
overlaps the laminated layer in the tiﬁ portion.

28. A magnetic recording device comprising:

means for mechanically supporting a magnetic storage
disk;

a-first magnetically conductive pole member having a tip
end and a yoke end, with the width of the pole at the tip
defined by a desired tracks per inch (TPI);

a second magnetically conductive pole member having a
tip end and a yoke end, with the width of the pole at the tip

‘defined by the ‘desired TPI, the first and second poles being

joinéd at the yoke and being spaced apart at the tip;
a magneticaliy non-magnetic gap layer, disposed between

L



cor poration,

Fig. 3B, the | am_nat ed |-ayer—33 consists of a pl

whi ch should be referred to for nore details.
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conducti-ve filns 36 and i syl ating films 38 alter one
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the first and second poles and defining the tip spacing, the
gap layer contalnlng a plurality of electrical conductors

-disposed therein for connecting to electrical circuit coils;

wherein each one of the first and second poles further
comprises:

a high H,, flux-conductive layer formed of a
high anisotropy (H,) and low permeability (x) material and
extending throughout the pole from the tip to the yoke, the
high H, layer providing the lowest impedance magnetic-flux path
in the tip;

a low H,, flux-conductive, homogeneous layer
formed of a low H and high p nickel-iron material, and
extending . throughout the pole from the tip to the yoke, the low
H, layer providing the lowest magnetic-~flux path in the yoke;
and

means for decoupling the two layers in terms of

. domain coupling.

29. . A magnetic recording device as in claim 28 wherein each
pole additionally comprises: '

' a flux-insulating layer, disposed between the
high H, and low H, layers, the flux-insulating layer being
formed of aluminum 6xide (Al,05), and having a thickness which
minimizes the domain flux conduction between the high H, and

low H, layers, while allowing signal’%lux conduction between

them.

30. A magnetic recording device as .in claim 28 wherein the
high H; layer is a homogeneous layer of a high H,, nickel-iron-
cobalt material.

31. A magnetic recording device as in claim 28 wherein one
of the layers is a laminate formed of alternating films of
magnetically conductive NiFe and magnetically insulating Al,0,.
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wal I's in the yo-ke 14 and additional conductance down t Eran t
pole 12b. - -~FH-gs=—3C; 3D ~and 3E respectively, depi CF'EPRRS{E% i %@f-

overl apping | a The | am nated | ayer 3 33 has_intrinsig
hi gh magenti c [err] since its rragnetl
upon thensel ves. This aI so achi eves suppr&33ion of ed
of the multiple | am nations, and hence enhanced hi ghi{L [ jsrfgeanifice.

| ayer enbodi n;:;:nstS usjng a meul.pted pole without a non- onet i.C IUaQ&
scul pted pol e MBU ﬁ netic layer 34, and an enbqdifent s LAg

32. A magnetié recording head comprising:

a first mégnetically conductive pole member having a tip
end and a yoke end, with the width of the pole at the tip
defined by a desired tracks per inch (TPI);

a second magnetically conductive pole member having a
tip end and a yoke end, with the width of the pole at the tip
defined by the désired TPI, the first and second poles being
joined at the yoke and being spaced apart at the tip;

' ~a magnetically non-magnetic gap layer, disposed between
the first and second poles and defining the tip spacing, the
gap layer containing a plurality of electrical conductors
disposed therein for connecting to electrical circuit coils,

wherein each one of the first and second poles further
comprises:

a high H,, flux-conductive, high anisotropy (H,)
and low permeability (u) layer, extending throughout the pole
from the tip to the yoke, the high H, layer providing the
lowest impedance magnetic-flux path in the tip;

a low H,, flux-conductive, homogeneous layer
formed of a wa H, and high g nickel-iron material, and
extending through the pole in the region of the yoke only, the
low Hj layer providing the lowest magnetic-flux path in the
yoke; and - '

- means for blocking domain flux coupling between
fhe two layers.

»

. 33. A magnetic recording head as in claim 29 wherein each
pole additionally comprises:

" a flux-insulating layer, disposed between the
high H, and low H, layers only in the yoke portion, the flux-
insulating layer formed of aluminum oxide (Al,03), and the
thickness of the flux-insulating layer such that magnetostatic

coupling between the high H, and low H, layers is minimized.

34. A magnetic recording head as in claim 29 wherein the

——
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This'is evident—F+roem-consitderation of Fig. 4, which shoy REhEAGE%%@TQHEQﬁ
.of magnetic dommins.imnthelaa nated |ayer 33. An upper ([condy f@gqﬂ
owe

i s positioned ting film38a which, in tu nDaes above
'Ellm(mllm ling walls 42 are for d..
t *beriphery of the pole 1§,

conductive fil

exchange coupl i

conductive paths at the outside edges. A given cros
| am nated | ayer 33, such as al ong planegi 4, thus. h ki
For exanple, a domain is provided in the "right” dlrectlon by t he upper
conductive film36a, in the "down" direction by the right-edge domain, in
the "left"

high H, layer is a homogeneous layer of a high Hy,, nickel-iron-
*
cobalt (NiFeCo) material.

35. A magnetic recording head as in claim 29 wherein the
high H, layer is a laminate formed of alternating films of
magnetically conductive NiFe and magnetically insulating
aluminum oxide (Al,0,).

36. A magﬁetic recording head éomprising:

a first magnetically conductive péle member having a tip
end and a yoke end, with the width of the pole at the tip
defined by a desired tracks per inch (TPI);

a second magnetically conductive pole member having a
tip end and a yoke end, with the width of the pole at the tip
defined by the desired TPI, the first and second poles being
joined at the yoke and being spaced apart at the tip;

a magnetically non-magnetic gap layer, disposed between
the first and second poles and defining the tip spacing, the
gap layer containing a plurality of electrical conductors
disposed therein for connecting to electrical circuit coils,

wherein each one of the first and second poles further
comprises:

a high H;, flux-conductive’, high anisotropy (H,)
and low permeability (u) layer, extending into the region of
the pole adjacent the tip only, the high H; layer providing the
lowest impedance magnetic-flux path in the tip;

a low Hy, flux~-conductive, homogeneous layer
formed of a low Hk'and high g nickel-iron material, and

'extending throughout the pole from the tip to the yoke, the low
H, layer providing the lowest magnetic-flux path in the yoke;
and _

means for decoupling the two lavers in terms of
domain flux (near-field) coupling, and for coupling the two
layers in terms of Signal flux (far-field) coupling.
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37. A magnetic recording head as in claim 36 wherein the
high H, layer is' a homogeneous layer of a high H,, nickel-iron-
cobalt (NiFeCo) material.

38. ‘A magnetic recording head as in claim 36 wherein the
low H, layer is a laminate formed of alternating films of
magnetically conductive NiFe and magnetically insulating
aluminum oxide (Al,0;).

39. A process for fabricating a maqnétic recording head, the
head including at least one pole member having a tip portion
and a yoke portion, the process of fabricating the pole
comprising the steps of laying down, onto a substrate, in
succession: '

a first flux-conductive layer of a high anisotropy (Hy)
and low permeability (u) material;

a non-magnetic, insulating material layer for preventing
domain flux coupling; and

- a secdnd-flpx-conductive layer having low H, and high pu.

40. A process as in claim 39 wherein the high H, flux-
conductive layer is formed to extend from the tip to the yoke.
41. A process as in claim 39 wherein the insulting layer is
formed to extend from the tip to the yoke.

42. A process as in claim 39 wherein the second flux-
conductive layer is formed to extend from the tip to the yoke.

43. A process as in claim 39 wherein the second flux-
conductive layer is formed to extend only into the yoke.

44. A process as in claim 43 wherein the insulating layer is
formed to extend only into the yoke.
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in claim 39 wherein the
formed as a homogeneous

in claim 39 wherein the
formed by plating.

in claim 39 wherein the

formed by sputteriqg.

48. A process as in claim 39 wherein the
is formed by plating.

49, A process as in claim 39 wherein the
is formed by sputtering.

S0. A procesé
conductive layer

51. A process
conductive layer

in claim 39 wherein the
formed by plating.

in claim 39 wherein the
formed by sputtering.

first flux-
layer of a high Hy

first flux-
first flux-
non-magnetic layer
non-magnetic layer
second flug—

second flux-

52. A process for fabricating a magfietic recording head for
use with a magnetic recording media, the head including at
least oné pole member having a tip portion and a yoke portion,
and the of fabricating a pole comprising, in order, the steps'

of:

alternately sputtering films of a magnetic conductive
material and a magnetic insulating material to provide a first
flux-conductive layer having intrinsically high permeability

() ;

sputtering a non-magnetic,

that prevents domain flux coupling;

non-conductive material layer

sputtering a seed layer of conductive material; and

plating a second flux-conductive layer having high H,
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viewed in the direction 5 of Fig. 2D. The | ower
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-Al[err](err] and titanium carbide. 0 A (50nm):=Atkerricet

L\./I{.

non- magnetic layer 34 is sputtered on, foI | owed b &petsx—EETrw\SaBE | ayer
48 of low Herr] material, such as Ni[err]Fe[err] ,o[err_ﬂ(EPLMFﬁi?orem t 50

i's then appl jg4l f&; gefine and expose only the yoké&=¥6—and tnen
approxi mately

53. A process as in claim 52 wherein the high H, flux-
conductive layer is formed to extend from the tip to the yoke.

54. A process as in claim 52 wherein the non-magnetic layer
is plated to extend from the tip to the yoke.

55. A process as in claim 52 wherein the second flux-
conductive layer is plated to extend from the tip to the yoke.

56. A process as in claim 53 wherein the second flux-
conductive layer is plated to extend only into the yoke.

57. A process as in claim 54 wherein the non-magnetic layer
is plated to extend only into the yoke.

\\Il\ll\ \\\l\\ IlI\\ \\l\l I \||\



4[err]mof N jerr]Fe[err]Co[err] is plated to conplete [T
32. The photoresist 50 is then renoved. .The next
Fig. 5B, is toion mll the entire pole 12b to regove ut 21y,
material. This separates the pole 12b fron1otherﬁpol:;__ﬂfﬁggﬁ@nmknﬁ, f
46, and reduces the thickness of The low Herr] laygernag, e oesidEag=? .
[err]m all in one step. A vari ati-<s-on this teghni
| ess processi ng tAbsachceve the sane result (i.e., tw

different Herr]" s separated by a non-magnetic, electrical
MAGNETIC POLE CONFIGURATION FOR HIGH DENSITY THIN FILM

"RECORDING HEAD

A thin film' magnetic recording head for high-density
‘recoxrding applications. The head includes a pole formed from
at least two ferromagnetic material layers with one layer
having high anisotropy (ij and low permeability (u), and the
other layer having low H; and high pu. The high H, layer
provides the lower magnetic impedance flux path in the tip

1 o)
S S o . e

8EEBAC s SHowERN

region and the low H, layer provides the lower magnetic
impedance path in the yoke region of the head. A non-magnetic
£film may be disposed between the layers, 'with a thickness
chosen to minimize domain flux coupling of the two magnetic
layers, while allowing magnetic signal flux transfer between
layers at an appropriate point between the tip and the yoke.
The pole may be sculpted so that the low Hy layer extends only
partially into the tip region, or so that the high H, layer
extends only partially into the yoke. Alternatively, the
invention may use a laminated, high permeability layer and a
homogeneous layer in place of the high H, and low H, layers.

Figure 1

. This Sheet Has Been RTlaced
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insulating layer) is as follows. The high Herr] l|ayer 30, the non-nagnetic
| ayer 34, and the plating seed | ayer 48 are sheet- deposited in a vacuum
(e.g. by sputtering, evaporation, etc.). The low Herr] layer 32 is then

pl ated through a mask at an excess thickness. After strlpplng t he mask, the
extra-thick upper layer 32 is itself is used as a ogn.mll its
geonetry into the Ubﬁﬂ@ﬁﬂFa?@LE3@°NFTﬁ§Ré%§@§sF?ﬁlEEEESQEN§IEWbsen such

that the desired final thickegsy @&Lmhggtgggtﬁgengﬁa S

ﬂﬁ:"i.,mui_"’af 4T SHEET

- Date :..3.0.. SER-.1997....
Cross-Reference to Related Applicationg==
This invention relates to the following co-pending patent
appllcatlons, 2all of which are aSSLgned to the assignee of this
appllcatlon as of the date of flllngh

"Laminated Poles for Recording Heads”, serial number

07/128,866, filed December 4, 1987, which was continued as

Serial No. 07/410028, filed on September 20, 1989.

"Flux Spreading Thin Film Magnétic Dev1ce" serial number
'07/227 808, filed June 28, 1988.

“Magnetic Devices with Enhanced Poles“ serial number
07/345,719, filed May 1, 1989.

Field of the Invention

This invention ;elaﬁes generally to magnetic disk dri&es
and particularly to the configuration of a thin film head which
iqcreases recording density and data transfer efficiency.

Background of the Inventlon .

A typical magnetic data recordlng device, such as a disk
drive, includes a magnetic storage media, and a read/write
head. The head is usually formed from two or more elongated
Pieces of a suitable ferromagnetic material such as a nickel
iron (NiFe) alloy. The poles are joined at one end, called the
yoke, and are separated by a precisely defined gap at the
opposite end, called the tip. A wire coil is wrapped around
the poles adjacent the yoke; Durinq read and write operations,
the head is positiohed with the tip portion adjacent the disk;
the coil provides a mechanism for driving magnetic flux into as
well as sensing magnetic flux from the head.

In designing a.disk drive it is generally desirable to
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increase the density of information recorded per unit area of
disk media surface, as well as the data transfer rate and
signal-to-noise ratio (SNR). These parameters are priﬁérily
determined by the specific electro-mechanical configuration of
the head. For example, since the number of tracks per inch
' (TPI) available on a disk of a given size is determined by the
width of the tip, it is desirable to keep the tip as narrow as
possible. However, the yoke should be made as wide as
possible, to encourage magnetic flux conduction between the
poles and the coil. A wider yoke increases the available
amplitude of the signai emanating from the head, and thus the
" number of bits per inch (BPI) recordable in a given track.
Given these conditions, it is well known that the preferred
head pole configuration has a narrow tip and a wide yoke.
However, other parameters must normally be considered to
achieve maximum recording density. For example, a '
ferromagnetic pole can be fabricated to have an induced
anisotropy axis of éreferred magnetic orientation, or "easy,
axis“. When this axis is oriented perpendicular to the
direction of flux conduction, the - flow of flux through the head
can occur by the preferred process of rotation of the rest
state of magnetization away from the easy axis. The
preference for the material to remain magnetized in the easy
axis direction is also referred to as the anisotropy field, H,.
Unfortunately, reducing the width of the pole beyond a
critical value results in the dominance of "edge closure
domains" which are not oriented in the preferred direction.
Theréfore, these edge closure domains encoufage flux conduction
by domain wall motion along the outer walls of the pole. While
this may actually facilitate flux conduction at low
frequehéies) at higher frequencies the magnetic permeability,
or p of the pole becomes unacceptably low. Furthermore,
defects in the head material can perturb the conduction of
magnetic flux along the domain walls, resulting in Barkhausen
noise. Thﬁs, the pole tip cannot be made too narrow without



achi eved when the ion beam etch processing of the | ower |ayer 30 is

be

conpl et e. A third variation requiring even | ess processing can
used, especially when a insulating spacer |ayer is not required.
In this approach the high Herr] layer 30 of Nl[err]Fe[err]
pl ated through a mask onto a seed | ayer 483 Next,
(e.g. 500 A(50nm) non-magnetic layer 34 is pl &
onto the bottomNi[err]Fe[err]Co[err] |ayer. Fi
Ni[err]Fe[err]Co[err] layer 32 is plated throug

adversely affecting head performance.

One technique for minimizing the size of the edge closure
domains and thus for reducing the size of the tip is to
increase the H, of the pole material. Several other techniques
are known for adjusting the H,, such as adding cobalt to create

‘and NiFeCo alloy; changing the proportion of Ni to Fe together

with a change in the Magnetostrictive. forces on the pole; or
using other materials, such as cobalt zirconium (CoZr), cobalt
zirconium neodymium (CoZrNd), iron nitride FeN, iron silica
(FeSi), and the like.

A quite different concern arises with the yoke, however,
which complicates the choice of a suitable H,. In particular,
the yoke is less susceptible to Barkhausen noise, since its
wider path prevents the dominance of edge closure domains, and
thus the yoke usually provides sufficient f£lux conductivity.
Rather, the problem with the yoke usually is that the
permeability, g, of the material is inversely proportional to
its H,. Having too low a u limits the amount of flux
conduction through the coil. Thus, it is generally believed
that the H, of the pole material should be kept low in order to
avoid adverée affects upon the overall head efficiency.

A further consideration is the thicknesses of the poles in
the dimension parallel to the write track. Optimum pole
thickness is dictated primarily by surface eddy currents, which
originate from variations in the applied or detected magnetic
field as different sections of the disk rotate past the head.
At high frequencxes, the presence of eddy currents generally
limits flux conduction to the extent of the surface effect or
“skin depth". Since thicker poles generally proQide greater
material for conduction, the thicker the pole, the better the
conductivity. However, increasing the pole thickness beyond
about twice the skin depth can adversely affect the pole's
frequency response.

To optimize the SNR, other parameters should also be
considered in determlnlng the pole thickness. For example,



The mask is stripped and the seed | ayer 48 is renoved by et chi ng.
To fabricate the scul pted enbodi nent of Fig. 2D, Nl[err]Fe[err]Cb[errt )
can be first plated through a mask onto a seed | ayer 42 : g [ayer
that extends throughout the yoke 16 but not into the ﬁa K

then stripped, and the non- nagnetlc | ayer %4 and &

vacuum deposited. A second mask is forned t hat exposg

tip 14 regions, and a Ni[err]Fe[err]Co[err] | ayer \U=ss=pFatecd

the Ni[err]Fe[err]Co[err] layer. The nmask is stripped and t he seed and

non- magnetic | ayers are then etched away.

consider that any given head configuration can be modelled by
an equivalent electrical circuit consisting of an ideal
inductor haviﬁg a series resistance, R;, and a parallel
resistance, Rp. In order to makimize the available SNR, the
output signal level, and hence, Ry, must be as large as
possible. Since Ry is typica}ly inversely proportional to the
pole thickness, in order to achieve high Rp, the thickness must
be minimized. Hence, a compromise must typically be made
between m;x}mum frequency operation and maximum SNR when
choosing the pole thickness.

A higher R, can alsoc be obtained by decreasing the H, of
the pole material, but this conflicts with the need to increase
H, to encourage maximum flux conduction through the tip, as
previously mentioned. |

One approach to resolving some of these design tradeoffs
has been to use a2 pole formed from multiple laminations. Such
multiple laminations inherently provide the desired domain
structure, since flux paths'are provided in parallel by the .
laminated layers. They also increase the Ry of the pole for 2
given pole thickness.

However, fabrication of laminated poles involves a more
complicated and expensive fabrication process, since the layers
must be formed by slower, more precise processes. For example,
this process typically requires sputtering a sheet deposit and
then ion milling.the pole form with 2 mask, rather than the
less expensive electro-plating through a mask. Additionally,
any ion milling required to form the pole geometry has the
adverse effect of side-wall redeposition. This means that the
longer the ion milling time, the greater the chance that
redeposited material will build up sufficiently to pfovide a
short circuit path between layers, thereby unfavorably changing
the electrical and magnetic properties of the head.

Further discussion of the tradeoffs in thin film head

design and some suggested alternatives are discussed in the
following papers.



A variation on the scul pting process that requires |ess . processi ng may

or- nay -not use a thin non magnetic conductive spacer | ayer between the
two Ni'FeCo alloy layers. In the yoke region only, a |ow Hk, ' .

Ni [err]Fe[err]Co[err]-alloy is plated through a mask , d | ayer
A non-nmagnetic |ayer may or may not be plati" 2= *sﬁﬁe mask
onto the Ni[err]Fe[err]Co[err] |ayer. The bsed and
re-devel oped in order to open a . wi ndow in t pnises..-- Fhe hi gh
Herr], Ni[err]Fe[err]Co[err] layer is t hen i ;:'”_';, orEr

stripped, and the seed |ayer is etched to co¥prete the pole 12.

Processing for the | am nated enbodi nent, as shown in Figs.

Mallary, M., et al., "Frequency Response of Thin FIlm
Heads with Longitudinal and Transverse Anisotropy", presented
at the IEEE Conference on Magnetics in April, 1990.

Mallary, M., et al., “Three Dimensional Transmission Line
Model for Flux Conduction in Thin Film Heads", presented at the

- 34th Annual Conference on Magnetism and Magnetic Materials
(1989). .

Mallary, M., and Smith, A.B., "Conduction of Flux at High
Frequencies by a Charge Free Magnetization Distribution", IEEE
Transactions on Magnetics, Vol. MAG-24, pp. 2374- (1988).

Mallary, M., "Conduction of Flux at High Frequencies in
Permalloy Strips by Small-Angle Rotations®, Journal of Applied
Physics, Vol 57, pp 3953-  (1985).

WO-A-89/05505 discloses a laminated pole for recording
heads including at least two ferromagnetic layers having
different uniaxial anisotropies. One layer has a high
uniaxial anisetropy and dominates, the other layer having a
lower uniaxial anisotropy falling into a keepering
ofientation. ' ,

. What is needed is a thin film magnetic recording head
which provides the desired domain structure in the tip and
good flux conduction in the yoke region to provide for maximum
density recording at ecceptable SNRs. The head should be
easily fabricated with minimal use of ion milling.



6A and 6B,

produced by alternately sputter-depositing about 100-1000
(10-100nm, of N FeCo alloy as a conductive film 36 an = -
Jerr] as an insulating film38 until a tota REPLACEMENT SHEE
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of Alf[err]

Is quite simlar. However, the | am nated |ayer 33 IS

angstrons

The present invention provides a magnetic recording head
including a laminated pole member having relatively narrow tip.
portion and a relatively wide yoke portion, wherein the pole
comprises:

a first flux-conductive homogenous layer having a low
anistropy (Hy) and a high permeability (u);

a second flux-conductive laminated layer having a high
anistropy (Hy) and a low permeability (u);

| means for minimizing the domain flux coupling between the

two layers in the tip portion; _

characterized in that the first anistropy and first
permeability of the first layer are selected to optimise the
performance of the pole member only in the yoke portion;

that the second anistropy and second permeability of .the
second layer are selected to optimise the performance of the
pole member only in the tip portion;

in that the pole is sculpted such that the first and
second layers only partially overlap each other and in that
the first layer does not extend fully into the pole tip

portion.



16.- . - thickness of about 1-2 [err]mis reached. At this point, if the
‘non-

Brief Description of the Drawings

The above and further advantages of the invention may be
better understood by referring to the following description in
conjunction with the accompanying drawings, in which:
Fig. 1 is an isometric view of a two-pole thin £ilm hea@;

P >

Fig. 2A is a plan view of the lower pole having a
homogeneous high H;, layer;
Figs. 2B-2E are cross sectlonal views of various

embodlments of the lower pole taken along line 2-2 of Fig. 23,
with:

Fig. 2B showing the lower and upper magnetic material
layers, and a middle non-magnetic layer of a three-layer
embodiment,

Fig. 2C showing a sculpted pole embodiment accordlng to the
present invention without a non-magnetic layer,

Fig. 2D showing a sculpted pole embodiment. accordlmg to the

present invention , with a non- magnetic layer, and

— s
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Fig. 2E showing a sculpted pole embodiment according to the
present 1nv§nt10n using overlapping layers;

Fig. 3A is a plan view of the lower pole having a
laminated high H, layer;

.Fig. 3B-3E are cross sectional views of various
embodiments of the lower pole taken along lines 3-3 of Fig. 33,
with:

1 Fig. 3B showing three layer embodiment having a laminated
lower magnetic¢ layer, middle non-magnetic layer, and upper
homogeneous magnetic layer,

Fig. 3C showing a sculpted pole embodiment according to the

present invention without a non-magnetic layer,

Fig. 3D showing a sculpted pole embodlment.accordlng to the
present 1nventlon with a non-magnetic layer, and

Flg. 3E showing a sculpted pole embodiment accordn.ng to the

present invention using overlapping 1ayers,

Fig. 4 is an isometric view of a laminated layer showing



naghetlc | ayer -34 is desired, a thicker 150-500 A (15-50nm Al[err]Jerr]
| ayer® is sputter deposited. ThIS Is followed by sputtering a thin N FeCo

al oy filmwhich serves as a seed for subsequent plating of a 2-4 [err]m

t hi ck, honobgeneous -l ayer 35. There are no ot her nmjor 7 ,
variations, other than this ‘sequence of alfernate spgeEErTng 5 ggﬁ | s
to fornlthe | am nat ed | ayer 33. The foregoi ng dv
limted to a specific enbodi nent of this invention. PP Abar ¢
however, that variations and nodifications may be naweD$ SLiive +-OF
with the attainment of sone or all of its advantages?" '

the orientation of various magnetic domains;
Figs. SA and SB depict'the preferred manner of fabricating’
certain portions of the homogeneous embodiment of the head; and
Figs. 6A and 6B depict the preferred manner of fabricating
certain portions of the laminated embodiment of the head.

Detailed Descrivtion of Tllustrative Embodiments

As shown in Fig. 1, a thin film magnetic head 10 in
accordance with the invention includes an upper pole 12a and a
lower pole “12b (collectively, "the poles 12"). The poles 12
are generaily Y-shaped, and are formed from a ferromagnetic
flux-conductive material, such as a nickel-iron-cobalt (NiFecCo)
alloy. They are magnetically isolated at the narrow end, or
tip 14, such as by mechanically spaciﬁg them apart. In
addition, the poles 12 are magnetically coupled at the wide
end, or yoke 16, such as by mechanically joining them.

The space.between the poles 12 at the tip 14 is referred
to as a gap 18, which is further defined by a rigid gap layer
19 disposed between the poles 12 and extending from the tip 14
to the yoke 16. The gap iayer 19 is formed of a material which
is both non—magnetlc and electrlcally insulating, such as
Alzoa.' :

A ridge 22 formed in the upper pole 12a allows the gap
layer 19 to accommodate a plurality of coiled conductors 24
positioned hetween the poles 12. The conductors 24 serve to
conduct electric current to and from the head 10. In.addition,
other configurations of the head 10 may include a third pole
(not shown in the drawings) disposed between the upper pole 1l2a
and lower pole 12b to form a second gap.

A magnetic media, such as a disk 20, is spaced opposite
the poles 12 at the tip 14, and stores the recorded
information. Other types of magnetic media may be used with
the head 10, such as magnetic tape. During read operations,
the head 10 is positioned with the tip 14 nearest the disk 20.
As various sections of the disk 20 having different recorded



fore, it is the object of the appended clains to cover all such variations

and modi fications as come within the true spirit and scope of the
i nventi on. _ 17
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polarizations pass by the tip 14, a magnetic flux travels
around the head 10 in the directi?n of path I. This changing
magnetic flux in turn induces an electric current in the
conductors 24, which provides an electronic indication of the
sensed magnetic field. ,

' During write operations the process is reversed, with a
current of either polarity being applied through the conductors
24. This creates a magnetic field in one direction or the
other, . along the path I, with sufficient strength to set the
magnetlzatlon of a small portion of the disk 20 adjacent the
tip 14. .

A distinguishing feature of the invéntion is the way in
which .the poles 12 are constructed. In particular, the poles
12 are laminated from two or more layers, with each layer
having specific characteristics. One embodiment of an
exemplary pole 12b has a first ferromagnetic layer 30 formed of
a2 high anisotropy (Hy) and low permeability (g) material such
as NixFeyCoz, and a second ferromagnetic layer 32 formed of-a-

low Hy and high p material such as Ni Fe,o,. The proportions

X, ¥, and z are chosen to provide the desired high H, in layer

30; similarly, u, v, and w are chosen to provide the desired
low H, in layer 32.

The two layers 30 and 32 are decoupled in terms of

internal domain flux, that is, the flux inherent in the domain

structure of the pole. In other words, the two magnetic layers

assume a doma;n pattern that is essentially the same as if they
weré very far apart from each other. However, layers 30 and 32
are coupled in terms of external signal flux, that is, the far-

field flux applied to the pole by outside forces such as the

coils 24 or the disk 20. It may also be said that the two

layers are decoupled in terms of near field,

or exchange
coupling.

The high H, layer 30 is the path of least magnetic

resistance in the tip 14, and the low H, layer 32 is the path

of least magnetic resistance in the yoke 16.



CLAIMS - 1. A-magnetic recordi ng head including a | am nated pol e nenber
(123, 12b) having a relatively narrow tip portion (14) and a relatively

w de yoke portion (16), wherein the pole conprises. . . ”a first
f1 ux-conducti ve horbgeneous | ayer having a | ow ani sot&apy
hifgh permeability ([err]); a second fl ux-conduc Qlr

having a high anisotropy (Herr]) and a | ow pernmeabi
means for mnimzing the domain flux coupling between| thag 13 dalyeldd] | r
tip portion; characterized in that the first ani Setropy—ane

pernmeability of the 10

As.will be understood shortly, this provides the novel
advantage of having the preferred domain structure in the tip
14, via the high H, material, as well as the preferred
structure in the yoke 16, via the low H; material.

As shown in Fig. 1, the upper pole 12a alsc comprises a
ﬁigh H, layer 30 and a low H, layer 32. 1In the illustrated _
embodiment, the low Hy layers 32 form the outer faces of the
poles 12, and the high H, layers 30 form the inner faces
adjacent the gap layer 19, but the layers may also be arranged
in other orientations. _

Fig. 2A is a plan view of the lower pole 12b showing in
greater detail the general Y-shape and the approximate extent
of the tip 14 and yoke 16.

Fig. 2B is a cross sectional view of one embodiment of the
lower pole 12b taken along lines 2-2 of Fig. 2A. The high Hy
layer 30 is preferably a homogeneously .formed layer of
ferromagnetic material having an intrinsically high Hy. For
example, it may be a 2-4 pgm thick layer of Ni Fe Coz, with the
proportlons X, ¥, and z chosen to provide the desired Hy of
approximately 10 Oersteds 800Ahn However, the exact thickness
of the high H, layer 30 depends upon several other
considerations. For example, if it is too thick, a pole tuning
effect may occur, which adversely affects the shape of the
electric signal pulse emanating from the coils 24, and the
parallel resistance (Rp) of the §ole may become too small. If
the high H, layer is too thin, a lower electrical signal level
results at the conductors 24. '

The low H, layer 32 extends the entire length 6f the pole
12b, from the tip 14 to the yoke 16. The low H, layer 32 is
typically a homogeneously formed MNi,Fe,Co, layer of about 2 pm
thickness, with the proportions u, v, and w are chosen to
provide the desired low H,. However, the exact thickness of
layer 32 is dictated by the desired parallel resistance, Rp, of

the.pole 12b, sin;e this layer carries the flux through the
yoke 16.



first |ayer (32, 35) are selected to optinised the performance of the pole

menber only in the yoke portion (16); that the second anisotropy and
second perneability of the second |layer (30, 33) are selected to optim se
t he perfornance of -the pole menber onld in the tip portion (14); in

that the pole is scul pted siuch that the first and second | ayers only
partially overlap each other and in that the first layer
extend fully into the pole tip portion. 2. A ma '
claimed in claim1 in which the neans

not

Those of skill in the art will recognize there are
various ways to provide layers having different Hp's. For
example, both pole layers may be each be formed from nickel-
iron-cobalt (NiFeCo) alloy, with the low H, layer being an
Ni,Fe,Co, alloy, and the high H, layer being an Ni Fe Co, alloy.
The cobalt may be omitted entirely from the low H, layer, i.e.,
W may be zero. Other suitable ferromagnetic materials may be
used, such as cobalt zirconium (CoZr),:cobalt zirconium
neodymium (Co2rNd), iron nitride FeN, iron silica (FeSi), and
the like. The H, of the layers can also be adjusted by
consideration of the magnetostrictive forces on the poles and
selecting proportion of Ni to Fe in the pole material
accordingly.

In the embodiment of Fig. 2B, a non-magnétic layer 34 is
sandwiched between the high H, layer 30-and the low H, layer
32. The non-magnetic layer 34 may also be electrically
insulating, if desired; a 200 A(20nm) layer of Al,0, is one such
type of layer.

To avoid erroneous operation, the non-magnetic layer 34
must not be thick enough to appear to be a gap 18. However,
the primary consideration dictating the thickness of the non-
magnetic layer 34 is the need to achieve the desired type of
coupling between the two magnetic layers 30 and 32. As
previously mentioned, the two layers 30 and 32 must be
decoupled in terms of internal domain flux, that is, the flux
inherent in their domain structures. In other words, the
thickness of the non-magnetic layer 34 is chosen such that the
two magnetic layers 30 and 32 assume a domain pattern which is
essentially the same as if they were not proximate to each:
other. However, layers 30 and 32 must be coupled in terms of
external signal fldx, that is, the far-field flux applied to
the pole by outside forces such as the coils 24 or the disk 20.
This can be accomplished by suitable thickness of the layer 34,
since the magnltude of the domaln flux is typlcally on the

order of 10 kilo-gauss (1 Tesla), and the signal flux is of the order
of



for:m ni‘m zi ng-the domain flux coupling between the first and second | ayers
in the tip portion conprises a non magnetic |ayer (34) disposed between the

first (32,35) and second | ayers (30, 33). 3. A magneti.c recordi ng head
as-‘tlaimed in claim1 in which the second layer (30, 33) extends only
partially into the yoke portion (16). 4. A magnetic recordi ng head as

clainmed in any one of clains 1 to 3 in wh?ch the second | ayer (30, 33) is
| am nat ed. :
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1-Oersted (80A/m) .

Fig. 2C is a cross sectional view of another embodiment of .
the lower pole 12b. We refer to this as a sculpted pole, since
the high H, layer 30 is only partially covered by the low H,
layer 32, to the extent of the yoke 16. A non-magnetic layer
.is not necessary in this arrangement, since the absence of the
low H, layer 32 in the area of the tip 12 provides inherent
isolation. ’

Fig. 2D is a cross sectional view of a sculpted pole em-
bodiment similar to that of Fig. 2C, but having a non-magnetic
layer 34 which is co-extensive with the low H, layer 32 in the
yoke 16. This embodiment may be used wherever additional iso-
lation is required.

Fig. 2E shows yet another variation. Here, the high Hy
layer 30 is placed in the vicinity of the tip 14 only. The low
H, layer 32 forms the yoke 16, and extends slightly into the
tip 14, over the high H, layer 30. This embodiment also
eliminates the need for a non-magnetic layer. '

The embodiments depicted in Figs. 2C, 2D and 2E all pfo-
vide the same advantages as the Fig. 2B embodiment, while also
providing a mechanism for eliminating the false gap problem
sometimes experienced with a non-magnetic layer 34 which ex-
tends into the tip 14. However, this is achieved at the ex-
pense of a more complicated fabrication process, which must
mask various areas of the layers to achieve the specific
desired shapes.

Fig. 3A is a plan view of the lower pole 12b showing sec-—
tion lines 3-3 along which the views of Figs. 3B-3E are taken.

Figs. 3B-3E depict various embodiments of the invention

wherein the two layers are a laminated layer 33 and a

homogeneous layer 35. Laminated pole structures are the sub-

ject of a co-pending United States patent application entitled
“Laminated Poles for, Recording Heads", serial number

07/128,866, filed pecember 4, 1987, which was continued as Serial

No. 07/410028, filed on September 20, 1989, and assigned to Digital
Equipment — --
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Corporation, whigh should be referred to for more details.

As shown in Fig. 3B, the laminated layer 33 consists of a
plurality of magnetic conductive films 36 and insulating films
38 alternately dispoéed upon one another. The magnetic
conductive films are fabricated from any convenient NiFeCo
_alloy, and the insulating films 38 from an insulating material
such as Al,0;3.

The homogeneous, or unlaminated layer 35 disposed adjacent
the laminated layer 33 provides flux spreading along domain
walls in the yoke 14 and additional conductance down the longer
axis of the pole 12b.

Figs. 3C, 3D, and 3E, respectively, depict the laminated
layer embodiment using a sculpted pole without a2 non-magnetic
layer 34, a sculpted pole with a non-magnetic layer 34, and an
embodiment using dverlapping layers 33 and 35.

The laminated layer 33 has intrinsically high magentic
permeability, g, since its magnetization domains close .in upon
themselves. This also achieves suppression of eddy currents by
means of the multiple laminations, and hence enhanced high' '
frequency performance. - .

' This is evident from consideration.of Fig. 4, which shows
the orientation of wmagnetic domains in the laminated layer 33.
An upper conductive film 36a is positioned above an insulating
film 38a which, in turn, is above a lower conductive film 36b.
Edge curling walls 42 are formed via magnetostatic and exchange
coupling about the periphery of the pole 12, thereby providing
conductive paths at the outside edges. A given crgass section
of the laminated layer 33, such as along plane 4-4, thus has a
region of closure. For example, a domain is provided in-the
"right" direction by the upper conductive film 36a, in the
"down" direction by the right-edge domaiﬁ, in the "left"®

_ direction by the lower conductive film 36b, and in the “up"
direction by the left-edge domain. A high—permeability axis

for conduction is thus provided in the direction I of desired
flux conduction.
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In other words, since the laminated embodiment provides
domains of closure with the correct orientation, magnetic flux
conduction will inherently_occur by magnetization rotation,
rather than by wall motion. Thus, this structure has
intrinsically high permeability, and there is less of a need to
use high H, material for narrow track heads.

Figs. 5A and 5B depict the homogeneous sculpted embodiment
of the lower pole 12b in certain Stages of fabrication, as
viewed in the direction 5 of Fig. 2D.
constructed

‘The lower pole 12b is
:bg first plating or sputtering approximately 2 pm
of high H), material, such as NixFeYCQz, onto a substrate or
wafer 46 to form the high Hy layer 30. . The wafer 46 is
typically'fqrmed from an Alsimag composite material. Alsimag
is a trade mark of 3M Corporation of Minneapolis, Minnesota

for its composite ceramic materials formed of Al,0; and
titanium carbide. . A 500 A (50nm) Al,0; non-magnetic layer 34

is sputtered on, followed by sputtering a seed layer 48 of low

Hy material, such as Ni,Fe,Co,. Photoresist SO is then applied

to define and expose only the yoke 16, and then approximately

4um of NiyFe,Co, is plated to complete the low H, layer 32. The

photoresist S0 is then removed.

The next step, as shown in Fig. 5B, is to ion mill the -
entire pole 12b to remove about 2 pgm of material. This
separates the pole 12b from other poles formed on the wafer 46,
and reduces the thickness of fﬁe“loﬁ'ﬁé'layer 32 to the desired
2 um, all in one step.

A variation on this technique which requires less
processing to achieve the same result (i.e., two layers having
different'Hk"s separated by a non-magnetic, electrically
insulating layer) is as follows. The high Hy layer 30, the
non-magnétic layer 34, and the plating seed layer 48 are sheet-
deposited in a vacuum (e.g. by sputtering, evaporation, etc.).
The low Hg layer 32 is then plated through a mask at an excess
thickness. After stripping the mask, the extra-thick upper
layer 32 is itself is used as a mask to ion mill its geometry
into the bottom layer 30. The excess thickness is chosen such
that the desired final thickness of the top layer 32, 1is



achieved when the ion beam etch processing of the lower layer
30 is complete.

A third variation requiring even less processing can be
used, especially when a insulating spacer layer is not
required. ' In this approach, the high H, layer 30 of Ni,Fe Co,
is plated through a mask onto a seed layer 48. Next, if
desired, a thin (e.g. 500 K(EOnm)) non-magnetic layer 34 is plated
through the same mask onto the bottom leFeYCoz layer. Finally,
the upper Ni Fe,Co, layer 32 is plated through the same mask.
The mask i§’$tripped and the seed layer 48 is removed by
etching.

To fabricate the sculpted embodiment of Fig. 2D, Ni Fe Co,
can be first plated through a mask onto a seed layer 48 to form
a layer fhat extends throughout the yoke 16 bﬁt not into the
tip 14. The mask then stripped, and the non-magnetic layer 34
and a seed layer are vacuumn-deposited. A second mask is formed
that exposes the yoke 16 and tip 14 regions, and a NixFeYCOz
layer is plated on top of the Ni Fe Co, layer. The mask is
stripped and the seed and non-magnetic layers are then etched
away. .

A variaﬁion‘ﬁﬁ“tﬁé“séﬁlptiﬁg'prodess that requires less
processing may or may not use a thin non magnetic conductive -
spader layer between the two NiFeCo'alloy layers. In the yoke
region only, a low H,, NquevCow alloy is plated through a mask
onto a seed layer.' A non-magnetic layer may or may. not be
plated through the samé_ﬁggﬁ”aﬁﬁb'tHE;ﬁIu?echw layer. The
mask is then re-exposed and re-developed in order to open a
window in the tip region 14. The high H,, NixFeyCOz layer is
then plated, the mask is stripped, and the seed layer is etched
to complete the pole 12. ST

Processing for the laminated embodiment, as shown in Figs.
6A and 6B, is quite similar. However, the laminated layer 33
is produced by alternately sputter-depositing about 100-1000
anqstroms (L0-100nm), of NiFeCo alloy as a conductive £film 36 and

10- 100A 1-10nm of Al,0; as an insulating £ilm 38 until a total
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thickness of about 1-2 um is reached. At this point, if the non-

magnetic 1ayer 34 is desired, a thicker 150-500 & (15- SOnm) Alﬁ%
layer is sputter deposited. This is followed by sputterlng a
thin NiFeCo alloy. film which serves as a seed for subsequent
-plating of a 2-4 pm thick, homogeneous layer 35S. There are no
other major process step variations, other than this sequence
| of alternate sputtering of materials to form the laminated
layer 33.

The foregoing description has been li?ited_tp a specific
embodiment of this invention. It will be appafent; however,
‘that variations and modifications may be made to the invention,
with the attainment of some or all of its advantages. There-
fore, it is the object of the appended claims to cover all such
variations and modifications as come within the true spirit and
scope of the invention.
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1. A magnetic recording head including a laminated pole member (12a,

12b) having a relatively narrow tip portion (14) and a relatively wide yoke
portion '(16), wherein the pole comprises:

a first flux-conductive homogeneous layer having a low anisotropy
(Hy and a high permeability (g); |

a second flux-conductive laminated layer having a high anisotropy
(Hy) and a low permeability (u); _

means for minimizing the domain flux coupling between the two
layers in the tip portion;

“'characterized in that the first anisotropy and first permeability of the
first layer (32, 35) are selected to optimised the performance of the pole
member only in the yoke portion (16);

 that the second anisotropy and second permeability of the second
layer (30, 33) are selected to optimise the:performance of the pole member
only in the tip portion (14);

' in that the pole is sculpted such that the first and second layers only
partially overlap each other and in that the first layer (32, 35) does not |
extend fully into the pole tip portion.

2. A magnetic recording head as claimed in claim 1 in which the means
for-minimizing the domain flux coupling between the first and second layers
in the tip portion comprises a non magnetic layer (34) disposed between the
first (32, 35) and second layers (30, 33).

3. A magnetic recording head as claimed in claim 1 in which the second

layer (30, 33) extends only partially into the yoke portion (16).

4. A magneﬁc recording head as claimed in any one of claims 1 to 3 in

which the second layer (30, 33) is laminated.

A
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MAGNETIC POLE CONFIGURATION FOR HIGH DENSITY THIN FILM

‘RECORDING HEAD

A thin film' magnetic recording head for high-density
recording applications. The head includes a pole formed from
at least two ferromagnetic material layers with one layer
having high anisotropy (H,) and low permeability (u), and the
other layer having low.Hk and high p. The high H, layer
provides the lower magnetic impedance flux path in the tip

region and the low H, layer provides the lower magnetic
impedance path in the yoke region of the head. A non—magnetic
film may be disposed between the layers, with a thickness
chosen to minimize domain flux coupling of the two magnetic
layers, while allowing magnetic signal flux transfer between
.layers at an appropriate point between the tip and the yoke.
The pole may be sculpted so that the low Hy, layer extends only
partially into the tip region, or so that the high H, layer
extends only partially into the yoke. Alternatively, the
invention may use a laminated, high permeability layer and a
homogenecus iayer in place of the high H, and low H, layers.

Figure 1



