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RECORDING HEAD TO OPTIMIZE HIGH DENSITY RECORDING
Background of the Invention

The present invention relates to design of a
magnetic recording head which optimizes high density
longitudinal recording.

A magnetic recording head produces a magnetic
field which has transverse, vertical, and longitudinal
components. The longitudinal component is directed along
the recording medium direction of motion, the vertical
component is normal to the plane of the medium, and the
transverse component is oriented along the track width
direction. Recording heads are ordinarily designed such
that the strength of the head field at the medium nid-
plane directly beneath the gap center line of the head is
about two to three times the value of the medium
coercivity, where coercivity is the amount of field
strength necessary to switch the orientation of the
magnetization in the medium. A track is created during
the head write cycle by the downstream magnetic fieid of
the head where it equals the coercivity threshold of the
medium. When a data bit is written, the medium magnetic
orientation is reversed on the track at an assigned
location. Each of the sections of the medium where the
magnetization has been reversed is referred to
individually as a "transition”. The width of the track
defined on the recording medium will be approximately
equal to the width of the head gap.

_ A typical recording head will include two pole
pieces with the gap defined therebetween. The actual
recording of a transition occurs somewhat downstrean
along the direction of the moving medium, approximately
0.25 microns into the second pole piece in the

- longitudinal direction.
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The transverse field component from the head is

comparable in magnitude to the longitudinal field
component at the sides of the head, the latter known as

the fringe zZones. For thin f£ilm media, the two in-plane_

components of the head field, i.e. the transverse and
longitudinal components, add vectorially in their impact
on the transition. In the mid-section of the track, only
the longitudinal field exists and hence it produces an

- essentially straight line transition perpendicular to the

direction of medium movement. However, the recorded
transition is not parallel to the gap in the fringe zones
because of the varying degrees of interaction between the
two in-plane components. In fact, at the fringe zones
the transition will be perturbed at its ends where hocks
are defined protruding further into the downstream
section of the medium. These hooks cause inter-symbol
interference during the writing of closely spaced bits
and can cause lateral asymmetry in the readback pulse.

In addition, the medium coercivity may be degraded when
the perpendicular (vertical) component of the head field
that is imposed upon the medium is large.

- In the known processes used to manufacture
recording heads of the type discussed above, the second
pole is normally configured to be as wide as or about one
to three microns narrower than the first pole at the gap.
Such designs suffer from the fringe zone and vertical
field effects problems discussed above during
longitudinal recording on thin film media.

Summary of the Invention
In one aspect of the invention, a method is
disclosed in which a recording head having two pole

pieces is designed so as not to produce hooks in a

recorded transition. In such arrangement, the transverse
head field components are substantially reduced in the
recorded zone by producing a second pole piece which is
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conponents: The | ongi‘'tudi nal conmponent.is directed al ong - the-recording
medi um di rection of notion, the vertical 10 conponent is nornmal to the
pl ane of fhe medium and the transverse conponent is oriented along the
track width direction. Recording heads are ordinarily designed such
that the strength of the head field at the nedi dji rect |
beneath the gag center line of the head is 15 %ntﬂ¥§HHF—C@§iﬁEEQ Hines ¥he_
val ue of the nedium coercivity, where coercillvity FRZED of field
strength necessary to switch the orientatd @gn -of t he

wider in cross-section at its tip than the first pole
piece tip cross-section.
In another aspect of the invention, where a
magnetic recording head has two pole pieces defining a
5 gap section or layer therebetween, the second pole piece
is configured to be perhaps about one or more microns
wider than the first pole piece. In this arrangement,
. the transverse fialds’at the fringe zones are reduced by
approximately 35% and alsoc the contours of the
10 longitudinal component of the head field become parallel
to the gap at the fringe zones. Such a field
distribution eliminates the hooks at the ends of the
transition and permits the transition to be defined
parallel to the gap at such locations. A straight
15 transition prevents the nonlinear interference between a
‘current transitionm and the previous transition during the
writing process. ' '
In anothér aspect of the'present invention; where
a magnetic recording head has two pole pieces defining a
20 gap layer therebetween, the second pole piece is
configﬁred to be perhaps about one or more microns wider
than the first pole piece. In this arrangement, the
transverse fields at the fringe zones are reduced by
- approximately 35%, compared to where the first pole piece
25 is wider tham the second pole piece, and also the
contours of the longitudinal component of the head field
become parallel to the gap at such locations. This field
.distribution eliminates the hooks. The transition now
becomes parallel to the gap. The vertical component of
30 the head field at the recording zone is also reduced by
35% compared to the field produced by the current -
designs. Therefore, the resultant head field at the
recording zone is only about 50° out-of-plane and does
not cause an appreciable degradation in the in-plane
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magneti zation in the medium A track is created during the head wite
cycl'e by’ the downstream magnetic field of 20 the head where [t equals the
coercivity threshold of the medium Wen a data bit is witten, the
medi um magneti c .orientation is reversed on the track at an aSS|oned
| ocation. Each of the sections of the nmedi um whers i
has-been reversed is referred to 25 individuall
wi dth of the track defined on the recording
appr oxi nat el y equal to the width of the feadls

switching field of high coerxcivity media, thus providing -
sharper transitions.
_ In an alternative configuration of the present
inventzon, a third pole piece, which is both thin and
' 5 saturable at the tip, is embedded within the gap. This
third pole is saturated and is_effectively inoperative
during the write cycle, but is not saturated and
effectively dominates operation during the readback
cycle. As a result of the operation and configuration of
10 the third pole, the readback waveform will be nearly
~ symmetrical. |
In another aspect of the lnventlon. a magnetic
' transducer, includes at least a functionally first pole,
" and at least a functionally second pole; the tip of the
15 second pole being formable over the tip of the first pole
regardless of relative pole width and alignment.

The pole tips may define a portion of an air-
bearing surface, with the first pole disposed to interact
with a magnetic medium before the second pole interacts

20 with the medium, thus.defihinq a longitudinal operational
direction for the head, the poles being separated by a
gap section, the gap section's width running
substantially perpendicular to the longitudinal
direction, and the gap section being at least as wide as

25 the second pole tip is wide.

Preferably the second pole is at least one micron
wider than the first pole. The top surface of the gap
section and the first pole can form a planarized work
area wider than the first pole. The poles form together

30 into a single structure and are ‘connected distal to the
tips defining a yoke, the yoke including a coil structure
having a least a first and a second lead, the leads
coupleable to a source of electrical energy to complete

an energization circuit.
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A tyﬁical‘rgggrding head wi Il include two pole pi eces with the gap
def.i ned. t herebet ween. The actual 30 recording of a transition occurs
sonmewhat downstream along the direction of the noving medi um

.approxi mately
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0.25 microns into the second pol e piece in the.
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- In yet another aspect of the invention, a magnetic
head with reduced topographical steps/edges and reduced
resultant spurious reflections during lithographic
processing, includes a substrate, an insuiating layer
over the substrate, first pole piece upon the layer, a
second pole piece, a gap section, the gap section
intermediate and coupled to the pole pieces, and the gap
section being at least about as wide as the second pole
piece and at least as wide as the first pole piece.
Preferably, a planarizing layer is defined upon the first
pole piece, whereby the first pole piece plus the
planarizing'layer is at least about as wide as the second
pole piece. The planarxzzng layer can by Alzo3 or sio2 or
photoresist material, for example.

In still another aspect of the present invention,
a method for forming the poles of a thin film head, the
head having at least two poles separated by a gap
section, includes the steps of forming a planarizing
layer at the first of the poles at its tip whereby a
uniform planar area can be defined at the poie tip and
the planarizing layer, forming the gap section coupled to
the uniform planar area, and forming the second pole
coupled to the gap section. The planarizing layer may
include hard-baked photoresist material.

This process may include forming a layer of
insulating material adjacent to and over the first pole
and lapping the insulating material such that the top:

'surface of the first pole and the insulating material

conform to a single plane whereby the uniform planar area
is defined. The planarizing layer may be Al,0,, SiO,, or

-polyimide, for example. -

In further aspect of the invention, in fabrication
of a multilayer magnetic device, where a first structure
is formed on a workpiece qnﬂlsefves as a base for a
second structure, a process of rendering the surface of

\_
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the first structure capable of supporting the second
structure even if the second structure is equal to or
wider than the first structure, and eliminating
step/edges and spurious reflections thereby, includes the
"5 steps of: applying a leveling material over the surface
of the first structure; photo patterning the leveling
material; exposing and developing a desired portion of
the first structure; and baking the workpiece and forming
a planarized plateau across and beyond the surface of the
10 first structure. The leveling material may be
photbresist or polyimide, for example. An embodiment of
the process may be characterized in that the formed
structure is a first pole of a magnetic transducer,
wherein the leveling material is positive photoresist and
15 is photo-patterned using a resist border mask, and
wherein a resist border is retained extending over the
first pole at least at the pole tip region after exposure
and development of the photoresist. Preferably, the
border mask inner dimension is slightly smaller than that
20 of the plated pole tip width and forms a shoulder over
the first pole ' _ _
. Preferably, the photoresist is hard-baked at a
temperature of approximately 265°C or the polyimide is
hard-baked at a temperature of approximately 350°C. This
25 process may include applying a vacuum with a 10 cubic
'~ feet per hour nitrogen backfill in a magnetic field.
Preferadbly, the leveling compound overlaps the
edges of the first structure by approximately one-
quarter to one-half micron. Preferabiy, step/edges are
30 eliminated by the planarized plateau.
~ In an additional aspect of the invention, in a
head having a gap layer extending over and possibly
beyond the sides of a pole, a method for improving gap
layer uniformity by preventing thinning of the gap layer
35 at the side corners of the pole during gap layer

—_—
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5 éonpoﬁents, add vectorially in their inpact on the transition. In the
md- . + _section of the track, only the longitudinal field exists and
hence it produces an essentially straight Iine tran5|t|on
perpendi cular to the direction of nmedi um novenen QWO ] =2
recorded transition is not paral lel to the gHpy es
because of the varying degrees of 10 I nteraction betmeﬁgpth@ﬁmmo in pl ane
conponents. -In fact, at the fringe _ zones the ------- SN T
perturbed at its ends where hooks are defined. ? protrudlng further into

ntererance durt ng RBAKHPRT pRpdl oseﬁsgtggw%f "°252nifly d Uale TRC
lateral asymmetry i substrataiRRRlingsa. leve masgrial over and beYOBd
. the surface of the pole; and forming the gap layer with
the leveling material over and possibly extending beyond
5 the sides of pole. '
) Other advantages and features will become apparent
from the following description of the preferred
embodiment and from the clainms.

10 Fig. 1 is a graphical representation of a typical
waveform generated by a thin film recording head reading
a transition from a magnetic storage medium. |
Fig. 2 is a graphical representation of the
vectorial sum of the in-plane magnetic field components
15 from different head pole tip geometries, as experienced
at the medium mid-surface. _
Fig. 3 is a cross-sectional schematic view of a
preferred embodiment of the present invention.
Fig. 4A-D show in cross-sectional view the process
20 of planarization of P1 pole in practice of the invention.

A typical waveform generated by a thin film
magnetic recording head reading a transition from a
magnetic medium is shown in the graphical representation
25 of Fig. 1. It will be noted that pulse 10 is defined by
a leading half 12 and a trailing half 14, which are not
exactly alike. This asymmetry contributes to -the
variable peak shifts which normally occur when reading a
series of transitions from a medium. If the transverse
30 components of waveforms arising from transverse recording
were substantially reduced, then the asymmetry and the
variability in the peak shifts would be minimized
accompanied by an attendant increase in window margin.
Turning now to Fig. 2, which is a graphical
35 representation of a transitioh_tron each of three
NN"“““--__;__\_\'
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15 t he nedlun1coerC|V|ty may be degraded when the perpendicul ar
(verthal) conponent of the head field that is inposed upon the

medi umis | arge. In the known processes used to manufacture
recordi ng heads of the type di scussed above, the second pole is
normal Iy configured to be as. wi de as or m crons
narrower than the first pole at the 20 gap. |[SUHIS SeEETgHAS SFENell from t he
fringe zone and vertical field effects obIeﬁEPﬂﬁgégssed bove
during longitudinal recording on thin gilm ——eur d. A
particular problemin the manufacture of recording heads in - which the
second poleeﬁébaihiagnhéad poXl leipr ggomatriesi(the rhest tguid i rst

greater than, equal to, and less than the second pole),
the ill effects of transverse field components upon
recording will be Gescribed. Upon this graph is

5 superimposed the projection of a magnetic head having two
equal width poles, P1 and P2, where adjacent portions of

. the P1 and P2 pole tips are shown defining gap g. 1In

Fig. 2, distance along the track is shown in an arbitrary
scale on the X-axis, while location of a transition

10 relative to location of the gap is also shown in an
arbitrary scale on the Y-axis. Furthermore, for each

- pole tip geometry, only the contour along which the
effective in-plane head field equals the coercivity of
the medium is shown, which is the active recording region

15 of the head during the write cycle. Also shown is an
arrow A which indicates the direction of medium'movement,
and a center line indication on the fight hand vertical
axis which signifies that only one half of the transition

_ and the recording head are shown in this figure.

20 ~ When the width of the P2 pole at the air bearing
surface is equal to or less than that of P1, the
magnitude of the transverse components of the head field
are about the same as or are larger than that of the
lonéitudinal components at the fringe zones. Hence, the

) 25 vectorial sum of these components at the fringe zones

. will be at the level of the recording medium coercxvity
further downstream-than at the center of the poles.
Therefore, the recorded transition will be imparted with
hooks at the fringe zones which will interact with the

30 previously recorded bit, causing nonlinear inter-symbol
interference at high bit densities. These hooks can be
about 1.5 micron wide on-either side of the pole edges
and can penetrate about 0.3 microns downstream, depending
upon the field produced by the head. As the write

'35 current through the head is increased, the head field

—_—
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25 pol e i s satisfactorily providing a gap | ayer extendi ng over and

possibly’ - beyond the sides of the first pole. In such arrangenents,
t hi nni ng of the ~gap | ayer at the side corners of the pole durlng gap
Iayer_fornatﬁon can - occur . _
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influeﬁcing the medium increases proportionately and the
hooks become more prominent. Therefore, at high bit
densities, this nonlinear interference between closely
recorded bits causes a reduction of readback ampiitude as
5 the write current is increased, a phenoﬁenon which we
'~ define as "peakiness.”
It will be appreciated that the transverse
component of the head field has an asymmetrical
_ distribution along the direction of media motion. Thus,

10 if the transverse head field along one pole is considered-

' as being positive, then the transverse head field along
the other pole will be negative. By the principle of
reciprocity, it can be shown that the resulting
transverse readback waveform is also asymmetrical. This

15 transverse readback waveform is of opposite sign to the
longitudinal readback waveform during the leading portion
12 of the central pulse 10 of Fig. 1; it is of the same
sign as the longitudinal readback waveform during the
trailing portion 14 of Fig. 1. This is a result of the

20 transverse head field during readback near pole P1 being
in a direction opposite to the direction of the
transverse orientation of the medium ﬁagnetization which
has been determined during writing by pole P2. Hence,
the leading position's "20%-90%" rise time of the:

25 resulting readback pulse is reduced, while the trailing
portion's "90%~to-20%" fall time is increased, because of
the asynﬁetry in the transverse cohponent of the readback
waveform.

' When the width of the P2 pole at the air bearing

30 surface is equal to or less than that of P1, the vertical

. component of the head field is typically about two times
the coercivity in the recording zone and the resultant '
head field is about 60° out-of-plane. When the head
field is greater than about 45° or 50° out-of-plane, then

35 the in-plane switching field of high coercivity media is

\
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In JP—62 219 218 there is described a process in which a gap |ayer S
deposited over first pole tip in a non-planar fashion. After the gap
material is deposited, an organic layer is deposited over the structure and
is planarized to expose a portion of the gap |layer. The second pole tipis

5 t hen deposited over the exposed gap film ng portion of
the-organic |layer. This arrangenent does noﬂ,Tﬂ@MgmgprAgaaENe t he
. : REPLACED
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reduced. As a result, the longitudinal dimension of the
recorded transition is increased which leads to wider
pulse widths and lower high frequency amplitudes. Again,
as the write current though the head is increased, the
5 vertical field increases, thus causing further
degradation of high frequency readback'aﬁplitude, i.e.,
an increase in peakiness.
When the P2 pole is wider than the P1 pole, such
as by a few microns, the transverse fields at the fringe
10 zones are reduced, perhaps by 35% in magnitude compared
tb the above configurations, and also the non-parallel
contours of the longitudinal component of the head field
become parallel to the gap at the fringe zone. This
- favorable field distribution eliminates the hooks in the
15 transition, since the transition is now essentially
parallel to the gap at all points. A straight transition
prevents the nonlinear interference of the current
tfansition with the previous one during the writing
cycle, also requcihg peakiness.
20 The present invention substantially reduces
" asymmetry in the resulting readback waveforms by
substantially reducing the transverse component ‘during
recording when the cross-section of pole P2 is wider than
.that of P1. Hence, the readback waveform is symmetrical
25 and the magnitudes ‘of the rise and fall times become
nearly identical. This symmetry will result in a
reduction of peak shift variability.
The present invention also reduces the vertical
field at the recording zone such that the resultant head
30 field is less than 50° out-of-plane. As a result, high
coercivity media do not suffer any degradation in the
magnitude of their in-plane switching field. Therefore,
the hxgh frequency readback amplitude remains almost
' constant with an increase in write current, thus
35 minimizing peakiness.
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probl ens:- of thinning of the gap |ayer over the corners of the first pole.

. ln JR-62 204 420 there is described a process in which a gap |ayer 10 IS

. deposi ted over a planarized structure which includes a first pole and

- planari zi ng inorganic insulating layer. In this
inorganic insulting layer is deposited as
. substrate carrying the first pole, and is t

E€y ﬂs&\s@aﬁm
; orark

- magnetic pole is exposed. This is ﬁ! S0 desciii || i PACH=35

-IS

10

however, relevant only under Art. 54(3) EPC.
Turning now to Fig. 3, which is a cross-sectional

schematic view of the pole tips of a preferred recording
head 20 of the present invention, it will be appreciated
that a geometry is shown where the tip of pole P2 is
wider than that of P1 near the gap. In particular, poles
Pl and P2 define a gap g, where the width 2, of the P2
pole at the gap is preferably one or more microns wider
than the width W!, of the P1 pole at the gap. The
additional width of pole P2 over pole Pl at the gap
ensures that the transverse component of the head field
at the recording zone is.minimized. Hence, the medium is
essentially magnetized in the longitudinal direction.

~ The write fringing of such a head design is approximately

15

20

25

30

35

0.25 microns smaller than that which occurs from a head
where the P1 pole is wider than the P2 pole at the gap.
We speculate that, for a given track pitch, the width of
the P2 pole can be increased slightly, which produces a
larger readback signal, thus improving the signal-to-
noise ratio of the recording systen.

In an alternative configuration of the present
invention, a third pole piece P3 may be formed as part of
head 20, embedded within the gap layer g. This third
head is indicated by the dotted ontline within gap layer
g as shown in Fig. 3. The third pole piece at its tip is
preferably configured to be both thin, less wide than
pole P2, and magnetically saturable. It will be
appreciateh by those skilled in the art that this
saturation property can be selectively used by applying
appropriate energization to the coil structure at the
yoke, whereby the third pole is effectively inoperative

‘during the write cycle. During the read cycle, the third

pole is not saturated and effectively dominates reading
such that a sharp transition waveform will result.

In known processes for making thin £ilm heads, an
insulating base layer of, for example Al,0,, is deposited

-‘~‘~‘~“~‘5~;‘;;“\~
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15‘ . " In JP—63 64613 there is described a process |n mﬁl dﬁﬁs
| ayer is = . deposited over a planarized structure which |ncludes a first
pole and pl anari zing non-magnetic material. In this process, however,
the non- magnetic nmaterial is patterned with photoresi coi nci.dent
wi th.the edges 20 of the first pole, and Sﬁ LS LEe eria

t her eby- et ched back to - expose the firgdtThsl
' ’ - 12 ~

PLAGED

on a ceramic substrate, such as 3M's ALSIMAG 204. A
sputtered seed layer, such as NiFe, is applied over this
insulating base layer (perhaps employing a metallic
adhesion layer). Photoresist is then spun over the seed

5 layer and a pole piece pattern'is formed buy a
photolithographic procesé. After the resist is developed
to form a mask, the first pole piece is plated through
the mask. After this plating process is completed
(including removing the mask, etching to exposed .

10 underlying seed and adhesion layers, remasking the first
pole piece, and then etching the plated areas of the
pole), a gap layer, such as Si0, or A120,, is deposited
thereocn. However, this gap layer does not always
adequately cover the Pl pole corners Cl and C2 defined by

15 where the P1 pole top surface 32 meets the side walls 28

- and 30, due to the abrupt change in topography at these
sidewalls.

In the next steps, a coil structure is formed over
the yoke with intermediate layers of insulation, and the

20 second pole piece is formed over this coil structure and
the gap layer. During these steps, a considerable
thinning of the gap layer occurs, and it can become
completely depleted at corners C1 and C2. During plating
of the second pole piece, the width of the second pole at

25 its tip is customarily plated to be narrower than the
width of thé first pole at its tip, in order to allow for
nicrolithographic misalignment tolerances and perhaps
also to avoid magnetic shorts occurring between the two
poles at junctures Cl and C2 where the gap layer has

3¢ thinned. - _ :

~ In practice of the present invention, the step at
which the gap layer is deposited onto the P1 pole piece
is preceded with a planarization process. This
planarization involves forming a layer of non-magnetic

35 material adjacent to the P1 pole on either sidg such that
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there is a uniform pase on which the gap layer will be

‘'deposited. Hence, as shown in Fig. 3, the planarization

layer assumes the same upper plane P as does the upper
surface of pole Pl.

A misaligned P2 pole_éan hang over the edge of Pl
pole, which can result in head pulse asymmetry and peak -
shift, in addition to increasing the likelihood of pole
to pole shortin§ at the corners C1, C2 of the Pl pole.
With a planarized P1 pole, such misalignment will not
produce these negative éffects, and in addition, present
alignment/registration tolerances are relieved. AaAs a

result, in addition to the traditional P2 width less than

P1 width confiquration, it is now possible to
conveniently produce magnetic heads where the P2 width is
equal to or greater than the P1 width.

An additional benefit of planarization is that it
improves unitormity of the gap layer atop pole Pl because
of a more consistent angel of incidence of the pole
surface with respect to the deposition stream. Hence,
élanarization should result in greater uniformity of gap
layer coverage of the Pl pole especially at the pole tip
edges. AlSo, erosion problems associated with
topography, and changes in topography, are reduced or
eliminated, since the erosion rate over a planar surface
tends to be uniform, while the erosion rate at step edges
tends to be accelerated.

Planarization also reduces iithographic complexity
in the pole tip region. 1In practice of the present
invention, it is therefore possible to present a plateau,
rather than a valley/mesa combination with step edges,
upon which subsequent structures can be
deposited/exposed/developed. This improves critical
dimension control by eliminating stray reflections off
the step edges and allows generation of more vertically
walled P2 poles.
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According to the present invention, there is provided a nethod for formng
a thin filmhead that conprises at |east two pole structures separated by a
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gap section, the steps conprising: (a) disposing a levelling
mat eri al adj acent to-and partially over an upper surface of a-
tip of a first of said pole structures; (b) i i ng

| ayer adjacent to'said tip of said first of pole THIS SHEET HAS BREMNu(les,
fromthe levelling material, by hard, paking the le p| | i n@EPLACED . |
material to cause thernal fl ow of tha the portion of the reveltring

material that is ﬂs&pq&%maaflahé»p%&ﬁatﬂoﬂmﬁfezsurtmcaaﬁuch t hat
the planary gdl0 Jsdbibs I8 bfifforh R1LRAILE! SNY +RoCnkliR 5 &4
surface, and if thinning occurs it does so uniformly over
the entire gap layer during the successive steps of the
-5 process described above. The width of the second pole
piece P2 then becomes independent of the width of pole
P1, where the planarized gap layer is at least as wide as
the overlaid P2 pole. Hence, when pole piece P2 is
plated to be wider than or approximately equal to pole
10 piece P1, no magnetic shorting occurs at the gap.
_ A preferred embodiment of the photoplanarization
process is described with respect of FIGS. 4A~4D. 1In
FIG. 4A, a P1 pole is shown on an insulating layer 48
upon a wafer 39 in practice of conventional process
15 technology. In FIG. 4B,Ia positive photoresist (e.g.
" AZ1375) is spun on top of workpiece 39 of FIG. 4A, for
exanmple, atfapproximately 4,000 rpm in the case of a 3.0
micron thick P1 pole. The resist viscosit¥~ahd spin ' | 3
speed affect the spun film thickness, and should be ’
20 adjusted according to pole thickness t. Photoresist 40
will settle on and over the Pl pole and will assume
approximately the cohfiguration {(in cross-section) as
shown in FIG. 4B.
In the next step, photoresist 40 is pattern-wise
25 exposed and developed as is well known to those practiced
in microlithography using a photoresist border pattern
mask 38 (shown in dotted outline in FIG. 4C). By virtue
of this process, a resist border 42 is retained around
the Pl pole, or at least at the pole tip region, after
30 exposure and development. Border 42 overlaps the Pl pole
in the tract width direction W, ultimately to insure a
smooth transition from the pole top surface 32 to the
planarized plateau P after further processing. As a
result of the slight overlap of border 42, a raised
35 portion of photoresist 40 will remain on top of pole Pl

\
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upper surface of the tip of the-first of the pole structures and an
upper surface of the planarizing |ayer; (c) formng the -gap
section upon the uniform planar area; and : (d) forming atip of a
second of the pole structures upon the gap ' section

10

15

20

25

30

- 35

- - 15 - - THIS SHEET HAS BEEN
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after developing, as indicated in Fig. 4C gep

shoulders 44 overriding the corners Cl and ¢2 of pole P1.
Preferably each resist shoulder will overlap pole Pl by
approximately one-quarter to one-half micron.

Photoresist 40 remaining on workpiece 39 is hard-
baked thereafter. In this process, the resist will
undergo thermal flow and cross-linking, and shoulders 44
atop the P1 pole corners C1, C2 will thin out by means of

~ surface tension in the polymer as it passes the glass

transition point. The result is a rather smooth-
surfaced, chemically resistant plateau P. This plateau
P, acting in concert with the top surface 32 of pole P1, .
yields substantially flat areas 45 and terminates with
smoothly downward sloped outer walls 46 which merge with
1nsu1ating base layer 48, as seen in FIG. 4D. (This
provides a substantially flat wnrkpiece, however, a
slight elevation may be experienced at the point where
the photoresist meets flat area 45.) This structure is
suitable for further processing, such as gap layer
deposition and plating of pole P2 (less thanm, equal to or
wider than pole P1). In alternative embodiments, '
however, it may be desirable to lap the planarized
surface P before further processing.

Hard-baking of photoresist 40.is preferably.
performed at 265°C, under vacuum with 10 cubic feet per
hour nitrogen backfill. A magnetic field may also be

‘applied during this process to effect desired anisotropic

magnetic pole performance characteristics,
Referring again to the spun on photoresist, it is

_noted that too low a spin speed will result in minor

smooth hard-baked photoresist "ears® at the edges of the
Pl pole. This will provide a slightly thicker gap
locally. Too high a spin speed will have less of an
eftect, but will result in sloping down of the entire
planarized surface as it extends away from pole Pl and
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will result in a sloping down of poLeIPz formed

_thereover.

Alternative process steps may be followed in

 practice of the above photoplanarization invention. For

exanmple, pblyimide has advantages over'hard—bgkeﬁ
photoresist in that it is less brittle, mechanically

- strong and highly chemically resistant.

These properties are advantageous for a material which in
the pole tip region would be submitted to mechanical
processing and solvent cleaning. The disadvantages of
polyimide, however, are that the material does not round
the flow as well as photoresist, and additional process
steps and final cure temperatures_gfeater than 350° are
required to fully imidize the polymer. This latter
constraint may be mitigated by curing in an orienting
magnetic field. o |

In one alternative process, a polyimide coating of
a thickness egual to or slightly greater than the P1 pole
piece thickness is spun onto the wafer and is partially
cured. Positive resist is then spun onto the wafer and
patterned using a mask similar to that described above.
The polyimide is than patterned (in the partially cured
state) via the positive resist using a hydroxide-based

The wafer is then polxshed.__?or example, it can
be inverted on a one-half micron (orx less) grit, mylar

 mounted, fixed particle abrasive polishing wedia, and

then the wafer is slightly pulled across the polishing
media to remove excess resist from the top surface of the
pole piece. A low amount of force is required to remove

_the soft-baked resist. Surface scratching should be

" avoided by using low polishing forces in low grit size,

35

although the actual process nay include a rough polish
followed by polishing steps using increasingly finer grit
size.
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a tran5|t|on fron1a nagnetlc storage nedi um Fig. 2is a.
graphi-cal representation of the vectorial sumof the in-plane nmagnetic
field conponents 15 fromdifferent head pole tip geonetries, as
experienced at the medi um m d-surface. _ Fig. 3is a
cross-sectional schematic view of a preferr Loent of the present

i nventi on. . Fig. 4A-D show in cross-sgcrHmeHen gxs BReNP 0Ocess 20
of planarization of Pl pole in practlc% of the ijjnvent RBRLACED -
Description of the Preferred Enbodi ferk

.In the. next step, the polyxnide is fully cured at
350°C.
In the processes described above, any positive
acting photoresxst may be used, such as AZ-1375, diazide
5 sensitizer, phenolic resin, etc. The resist used will
depend upon the pole thickness to be planarized. Resists
are available in different viscosity ranges, which will
affect coating thickness. The spin coating speed will
also depend upon resist type and desired thickness. 1In
10 our experience, we have found that coating thickness
resulting on the wafer should be approximately 20% to 30%
greater than the pole thickness being planarized in order
'to allow for volume shrinkage which will occur from hara
baking. = Also, after spin coating, a soft bake at 90°C
15 for 30 minutes is preferably performed to drive off
resist coating soIVents, which is a standard process
procedure. . '
As a result of the foregoinq, conventional thin
'film head fabrication may be modified to provide an
20 inexpensive, gquick and high yield process for generation
of magnetic thin film heads not otherwise practically
possible heretofore. This, new.configurations of the P2
pole equal to and wider than the Pl pole can be
conveniently achieved.
25 The configuration of the pole tips in practice of
the present invention can be of any desired combination.
For exihple. a substantially rectangular portion adjacent
to the gap and a substantially trapezoidal portion
adjacent to the rectangular portion can be defined in
30 either or both of the pole tips, in order to minimize
undershoots that result in the readback waveforns fronm
thin £ilm heads. Purthermore, it is recogniged that
other modifications and variations of the present
invention will occur to those skilled in the art, and it

_,;_,,_;_~————~——*——
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A typicat waveform generated by a thin film magnetic recordi ng head

“reading a transition froma magnetic nmediumis shown in the graphical
representation 25 of Fig. 1. It will be noted that pulse 10 is defined by
a leading half 12 and a trailing half 14, which are not exactly alike.
This asymmetry contributes to the varlable ~peak shifts which nornally
occur when reading a series of transitions from § pedrom

‘transverse 30 conponents of -wavefor{g arising fron1;r
were- substantially reduced, then the asymetry and t

i " js intended that all modifications and variations
included within the scope of the appended clainms.
what is claimed is:

e
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varlablllty in the peak shifts -woul d be mninzed acconpani ed by an

att endant

~
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increase in w ndow margin. ~ Turning nowto Fig. 2,
whi ch i s—a—graphical 35 representation of a transition from each of three _

D

[
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Clains .
1. A magnetic transducer, comprising:
at least a functionally first pole,
at least a functionally second pole,
the tip of the second pole being formable over

the tip of the first pole regardless of relative pole
width and alignment.

2. The transducer of claim 1 wherein
‘the pole tips define a portion of an air-
bearing surface, the first pole disposed to interact with
a magnetic medium before the second pole interacts with
the medium, thus defining a lohgitudinal,operational
direction for the head,

- the poles separated by a gap section, the gap
section's width running substantlally perpendicular to
the longitudinal direction, and.

the gap section being at least as wide as the
second pole tip is wide.

3. The transducer of claim 2 where;n the second
pole is at least one micron wider than the first pole.

4. The transducer of claim 2 wherein the top
surface of the gap section and the top surface of the
first pole form a planarized work area wider than the top
surface of the first pole. '

5. The transducer of claim 1 or 2 further
comprising a third pole, the third pole located in the
gap section.

6. The transducer of claim 2 wherein the thira
pole tip is less wide than the first pole tip.

‘““‘*““““““~;-5n-“
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-recording head pole tip geonetries (the first pole

. N ’ !\\F
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7. The transducer of claim 2 wherein the poles
form a single structure and are connected distal to the
tips defining a yoke, the yoke including a coil structure
having at least a first and a second lead, the leads
coupleable to a source of electrical energy to complete
‘an energization circuit. '

M b W e

8. The transducer of claim 5 wherein at least the
~ first and second poles form a single structure and are
connected distal to the tips defining a yoke, the yoke
including a coil structure having at least a first, a
second, and a third lead, the leads coupleable to a
source of electrical energy to complete an energizat;on
circuit. ' :

N U bW N e

9. A magnetic head with reduced topographical
steps/edges and reduced resultant spurious reflections
dnring lithographic processing, comprising:

a substrate, '

an insulating layer over the substrate,

a fi:st pole piece upon the layer,

a second pole piece, -

a gap section,

the gap section intermediatg and coupled to
the pole pieces. and S

the gap section being at least about as wide
as the second pole piece and at least as wide as the
first pole piece.

W O N O U WwN R

e i s~
W N o

10. The head of claim 9 wherein a planarizing
layer is defined upon the first pole piece, whereby the
first pole piece plus the planarizing layer is at least

" about as wide as the second poie piece.

o> W N e
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greafer than, equal. to,- and | ess than the second pole),  the ill effects
of .transverse fiel'd components upon recordi.ng will be described. Upon

this grap sed the projection of a nagnetlc head havi ng two
equal w dt"ﬂ II \m L‘ 2 wher e adj acent por tg and P2
pole tips afecs g gap-g. In Fig. j THESS@&E%HQ$5ﬁ§Nt e track

issshown in an arbitrary scal e on the X-axis,|| whi | 8EP6AZEPoN - a
transition 10 relative to |ocation of the gap is—arso shown I n an
arbltrary scale on the Y-axis. Further o8, =for each

1 11. The head of claim 10 wherein the planarizing
2 layer is comprised of Al,0,, Si0,, photoresist or
3 polyimide.

12. A method for forming the poles of a thin film
head, the head having at least two poles éeparated by a
 gap section, the steps comprising:

(a) forming a planarizing layer at the first
of - the poles at its tip whereby a uniform planar area can
be defined at the pole tip and the planarizing layer, .

(bv) forming the gap section coupled to the
unlforn planar area, and

(¢) forming the second pole coupled to the
gap section.

O X N O U W N

b
Q

13. The method of claim 12 wherein the
planarizing layer is comprised of photoresist material
and wherein step (a) includes hard baking the material.

WoN e

14. The method of claim 12 wherein step (a)
includes forming a layer of insulating material adjacent
to and over the first pole and lapping the insulating
material such that the top surface of the first pole and
the insulating material conform to a single plane whereby
the uniform planar area is defined.

OV WwN e

15. The method of claim 14 wherein the
planarizing layer is comprised of Al yr 810, or

3 polyimide.

N e

1 . 16. The method of claim 12, wherein said
2 planarizing layer is comprised of polyimide, and-wherein
3 step (a) includes baking and patterning said polyimide.

This Sheet Has Been Replaced
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pol e ??pFEa_elc?r%‘ét r1§/,250nl y the Sopr?t“BeJrC?F'ésr?a whi ch the aéﬁ Zscst ??/gel [ n-beeane
head field equals the coercivity of the mediumis shown, which is the
aCtIV__Le,CQr_d.Lﬂg_r—e@—en—&S of the 'head during the wite cycl e. Also shown
s an arrow A whi ch indicates the direction_of nedium nove and
a cent igm“nﬂ““‘mmlﬂ on the right hand .yert10ﬁjﬂs SHEEPHAS BBEN
signifi hal f of the transition anfegpbgcgmlgcor dijhg head
are showh ih tthi $ flgure 20... When t he wi at the
air bearing surface is equal to or2Ress than.that of P1, the '
) 1 17. In fabrication of a multilayer magnetic _
2 device, where a first structure is formed on a workpiece
3 and serves as a base for a second structure, a process of
4 rendering the surface of the first structure capable of
5 supporting the second structure even if the second
6 structure is equal to or wider than the first structure,
7 and eliminating step/edges and spurious reflections
8 thereby, comprisi’hg the steps of:
9 A, applying a leveling mater:.al over the
10 surface of the first structure, '
i1 B. photo patterning the leveling material,
12 exposing and developing a desired portion of the first
13 structure, and L C
14 c. baking the workpiece and forming a
15 plan_arized plateau across and beyond the surface of the
16 first structure. |
1 : 18. The process of claim 17 wherein the levelmg
2 material is photoresist or polyimide and is spun on the
3 workpiece.
1 19. The process of claim 20 wherein
2 (a) the formed structure is first pole of a
3 magnetic transducer,
4 (b) the leveling materi.a]. is positi.ve photo
5 resist and is photo patterned using a resist border mask,
6 and '
7 (c) a resist border mask is retained
8 extending over the first pole at least at the pole tip
9 region after exposure and development of the photoresist.
i 20. The prbcess of claim 19 wherein the border
2 mask inner dimension is slightly smaller than that of the

3 plated pole tip.
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magni t ude of the transverse conponents of the head field are about the
sane as -or—are targer than that of the | ongi tudi nal conponents at the
fringe zo vectorial sum of these conponents at the
fringe zomﬁw Em “ ﬂmt the | evel - of the recording nediumcoercivity
furt her am at the center of the" pol es. Therefare—i+he
recorded transition will be'inparted with hooks amﬂs@ﬁEEWHK$B S -
which will interact with the 30 previqughy-recordedibit, n&n&na&pnonllnear
i nter-symbol interference at high Elt densi t i es—Fhese—HookS e

' 1 21. The process of claim 20 wherein the border

2 mask forms a shoulder over the first pole.

1 22. The process of claim 18’ wherein the

2 photoresist is hard-baked at a temperature of

3 approximately 2§5°C. '

1 23. The process of claim 18 wherein the polyimide
2 is hard-baked at a temperature of approximately 350°C.

1 24. The proceés of claim 22 further comprising
2 applying a vacuum with a 10 cubic feet per hour nitrogen
3 backfill in a magnetic field.

3 ' 25, The process of clain 23 further comprising
2 applying a vacuum of with a 10 cubic feet per hour
3 nitrogen backfill in a magnetic field.

_ 26. The pfocess of claim 17 wherein stép B
includes causing the leveling compound to overlap the
edges of the first structure by approximately one~quarter
to one-~half micron. '

B W N e

27. The process of claim 17 wherein step/edges
2 are eliminated by the planarized plateau.

1 | " 28. The process of claim 19 wherein the side
walls of the first pole are made substantially vertical.

N

29. 1In a head having a gap layer extending over
and possibly beyond the sides of pole, a method for
improving gap layer uniformity by preventing thinning of
the gap layer as the side corners of the pele during gap
layer formation, comprising the steps of: _

(a) forming the pole on a substrate,

o AW N
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;ﬁabout 1.5 mcron wide o er side of the pole edges and can
penetrate abo m crons downstream dependi ng upon the field.
produced y t he

““\ﬁ e wite 35 current through the head is
i ncreased, \“ﬁa

| - 24 - THIS SHEET HAS BEEN
: . REPLACED
. 8 (b) applying a leveling .

9 beyond the surface of the pole, and :
10 (c) forming the gap layer with the leveling
11 material over and pOSSIbIY extending beyond the sides of
12 the pole.

30. A recording hea&ktosbptimize high denéity'
recording by reduction of hooks.on ends of a transition,
comprising at least two poles with a gap section in
-between and configured with the second pole and gap
section being greater in width than the first pole, the
second pole to first pole width.ratio yielding low
transverse field components at the head field fringes,
whereby the transition becomes substantially parallel to
‘the gap section.

OO NN A WN

31. The head of claim 30 wherein the vertical
conponent of the head field, relative to horizontal
3 components, are minimxzed._

N e

1 32. The head of claim 30 wherein the longitudinal
2 component of the head field is substantially parallel to
3 the gap section at-the head field fringes..

1 33. The head of claim 30 having field
2 distribution which eliminates the hooks at the ends of a
3 transition.

1 34, The head of claim 33 wherein the transition
is defined parallel to the gap section.

~N

35. The head of claim 31 wherein the vertical
component at the recording zone is reduced by about 35%
compared to the same dev;ce with the first pole wider
than the second pole.

o W Ve

\
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1 36. The head of claim __3'5‘ wherein' the resultant
2 head field is about 50° out-of-plane.
1 37. The head of claim 36 further comprising a .
2 third pole for readback embedded within the gap section.
1 38. The head of claiin 36 wherein the readback
2 waveform is nearly symmetrical.-
1 39. A method for optimizing 'high density
'2 recording of transitions on'a medium using a magnetic
3 head, comprising: :
4 reducing transverse field components at the
-5 head fringes, reducing the hooks on the ends of the
6 transitions, and reducing vertical components of the head
7 field, whereby in a sequence of recorded transitions,
8 each transition becomes substantially parallel to the -
9 previous transaction as recorded on the medium.
1 40. The method of claim 39 wherein the head has
2 at least two poles with a gap section in between.
1 41. The method of claim 40 wherein the second
2 pole and gap section are greater in width than the first
3 pole.
1 42. The method of claim 41 wherein the second
2 pole is about one or more microns wider than the first
3 pole.
1 43. The method of claim 42 wherein the transverse
2 fields at the fringe zohes are reduced approximately 35%
3 compared to if the first pole were greater in width than
4 the second pole.
This Sheet Has Been Re;
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hooks beconme nore prom nent. Therefore, at high bit - densities, this
nonl i near—+ en cl osely recorded bits causes a reduction
of readback a | it the wite current is increased, a phenonenon
whi ch we eli Eﬁiﬁlﬂ ness." SR It will be appreciated that
t he trans of the head field has an asymetri cal

Z w1u_1m.n--—-——.—m--—

di §tribut|on aI ong the direction of nedia m)ti_or‘

transverse head field along one pol e is-cagsdefetis SHE§§%§$@F dsitive,
then the transverse head field al ong ' RcPLACED
: 44, The method of claim 43 wherein the o

2 longitudinal component of the head field is parallél to
3 the gap at the firing zones.

1 45. The method of claim 44 wherein the resultant
2 head field at the recording zone is only about S50° ouf.-’-
3 of-plane. o
3 46. The method of claim 45 .further. including
2 providing a symmetrical readback waveform with a third:
3 peole embedded in the gap layer between the two poles, the
4 third pole saturating during writing and operating during
5 reading.
-
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the-other pole will -be negative. By the. principle-of .. reciprocity, it
can be shown that the resulting transverse readback waveformis also.-
asynmetri-cal . This 15 transverse readback waveformis of opposite sign to
t he | ongi tudi nal readback waveform during the | eading portion 12 of
the central pulse 10 of Fig. 1; it is of the sanme . sign as the
| ongi tudi nal readback waveform during the trailing portion 14 of Fig.
1. This is a result of the 20 transverse head field during readback near
pol e P1 being in a direction opposid® o thg=dmeetion of the

_ THIS SHEET HAS BEEN

REPLACED

Abstract
RECORDTNG HEAD TO OPTIMIZE HIGH DENSITY RECORDING

Recording head to optimize high density recording
by reduction of hooks on ends of transitions, the |
recording head having at least two poles with a gap

5 section inbetween and configured with the second pole and
gap section being greater in width than the first pole.
Transverse field components are reduced at the head
fringes and the transition becomes substantially parallel
to gap. The vertical components of the head field are

10 also minimized. Method for producing head with narrow .
first pole includes planarization qf first pole area to
receive wider gap layer and wider second pole.

e
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transverse orientation of the nmedium magneti zation which ““has been ¢
determ ned durlng writing by pole P2. Hence, the | eading position's
"20% 90% rise tinme of the 25 resul ting r eadback. puI se is reduced, while
the trailing portion's "90%to-20% fall -tinme i e

gause of
the asymmetry in the transverse conponent of the reg /gEOrTT
Wherr the widih of the P2 pole at the air bearing 30] s

| ess than that of P1,SQdegwollscal conponent of Tl

typically about two times 12_4%{m,‘nq undershoot

§
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the Coerctvity in the recording zone and tRe resultant head field is
about 69D out-of-plane. Wen the head flield is greater than about

45[err] or 50 out-of-plane, then 35 the in- plane switching field of high

coercivity media is .
THIS SHEET HAS BE
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- 6- reduced As a result, the |ongitudi-nal djnension of the .
recorded transition is i ncreased which | eads tao, vm der pul se w dt hs and
| ower hi gh frequency anplitudes. Again, ;

THIS SHEET HAS BEEN
' REPLACED

487\ INSULATING MATERIAL.
o SUBSTRATE
G 2) -
39 40
(8) .
a8 At Pl 2,
rmmo ey

—--— - v o e o

‘\Wé% %ﬁf—“

R an __ _45‘_%-45.%_.
G YA L 777 ‘14

FlG 4

—_—

This Sheet Has Been

I IIIWII



as the wite current though the head is increased, the STM@géméxuﬂgb E
increases, thus causing further degradation of high frequggﬁyyreg ack
anplitude, i.e., an increase in peakiness. the-P2 ool
is wider than the P1 pole, such as by a feM/nhgp Méﬁﬁsgg@ps erse
fields at the fringe 10 zones are reduced, per

@?gn t ude
conpar ed to the above configurations, and a sgmghe non par -
contours of the longitudinal conmponent of the h '

parallel to the gap at the fringe zone. This
. -]l =

RECORDING HEAD TO OPTIMIZE HIGH DENSITY RECORDING
' . o o e Inventio

The present invention relates to design of a

magnetic recording head which optimizes high density
5 longitudinal recording.

A magnetic recording head produces a magnetic
field which has transverse, vertical, and longitudinal
components. The longitudinal component is directed along
the recording medium difect@oh of motion, the vertical

10 component is normal to the plane of the medium, and the
transverse component is oriented along the track width
direction. Recording heads are ordinarily designed such
that the strength of the head field at the medium mid-
plane directly beneath the gap center line of the head is

- 15" about two to three times the value of the medium
coercivity, where coercivity is the amount of field
strength necessary to switch the orientation of the
nagnetization in the medium. A track is created during
the head write cycle by the downstream magnetic field of

20 the head where it equals the coercivity threshold of the
medium. When a data bit is written, the medium magnetic
orientation is reversed on the track at an assigned
location. Each of the sections of the medium where the
magnetization has been reversed is referred to '

25 individually as a "transition". The width of the track
defined on the recording medium will be approximately
equal to the width of the head gap.

A typical recording head will include two pole
pieces with the gap defined therebetween. The actual

30 recording of a transifion occurs somewhat downstream
along the direction of theamoving medium, approximately
0.25 microns into the secohd pole piece in the
longitudinal direction.

S T
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The transverse field component from the head is
comparable in magnitude to the longitudinal field
component at the sides of the head, the latter known as
the fringe zones. For thin film media, the two in-plane
components of the head field, i.e. the transverse and
longitudinal compcnents; add vectorially in their impact
on the transition. In the mid-section of the track, only
the longitudinal field exists and hence it produces an

. essentially straight line transition perpendicular to the

direction of medium movement. However, the recorded
transition is not parallel to the gap in the fringe zones
because of the varying degrees of interaction between the
two in-plane components. In fact, at the fringe zones
the transition will be perturbed at its ends where hooks
are defined protruding further into the downstreanm
section of the medium. These hocks cause inter-symbol
interference during the writing of closely spaced bits
and can cause lateral asymmetry in the readback pulse.

In addition, the medium coercivity may be degraded when
the perpendicular (vertical) component of the head field
that is imposed upon the medium is large.

In the known processes used to manufacture
recording heads of the type discussed above, the second
pole is normally configured to be as wide as or about one
to three microns narrower than the first pole at the gap.
Such designs suffer from the fringe zone and vertical
field effects problems discussed above during
longitudinal recording on thin f£ilm media.

' Summary of the Invention

In one aspect of the invention, a methed is
disclosed in which a recording head having two pole
pieces is designed so as not to produce hooks in a
recorded transition. In such arrangement, the transverse
head field components are substantially reduced in the
recorded zone by producing a second pole piece which is

_—
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that of P1. Hence, the readback waveformis synnetrlca
nagnltudes of the rise and fall tines becone ety
symretry "will result in a reducti on of peak

Such a configuration of poles also reduces the

AS BEEN
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at t he

recordi ng zone such that the resultant head 30 50[err]
out-of -plane. As a result, high coercivity **r—"—wn—nn——. ----- any
degradation in the magni tude of their in-plane switching field.

Ther ef or e, the high frequency readbacksanplitude remains al nost

wider in cross-section at its tip than the first pole
piece tip cross-section.
In another aspect of the invention, where a
magnetic recording head has two pole pieces defining a
5 gap section or layer therebetween, the second pole piece
. is configured to be perhaps about ocne or more microns
wider than the first pole piece. In this arrangement,
the transverse fields at the fringe zones are reduced by
approximately 35% and also the contours of the
10 longitudinal component of the head field become parallel
to the gap at the fringe zones. Such a field
distribution eliminates the hooks at the ends of the
transition and permits the transition to be defined
parallel to the gap at such locations. A straight
15 transition prevents the nonlinear interference between a
current transition and the previous transition during the
writing process.
In another aspeét of the present invention,; where
a magnetic recording head has two pole pieces defining a
20 gap layer therebetween, the second pole piece is
configured to be perhaps about one or more microns wider
than the first pole piece. In this arrangement, the
transverse fields at the fringe zones are reduced by
approximately 35%, compared to where the first pole piece
25 is wider than the second pole piece, and also the
contours of the longitudinal compcnent of the head field
become parallel to the gap at such locations. This field
distribution eliminates the hooks. The transition now
becomes parallel to the gap. The vertical component of
30 the head field at the recording zone is also reduced by
35% compared to the field produced by the current
designs. Therefore, the resultant head field at the
recording zone is only about 50° out-of-plane and does
not cause an appreciable degradation in the in-plane

This Sheet Has Been Reﬂlaced




constant with an increase in wite current, thus 35 nin'nTﬁkﬁnggﬁw%

10

© 15

20

25

30

switching field of high coercivity media, thus providing-
sharper transitioms.

In an alternative configuration of the present
invention, a third pole piece, which is both thin and
saturable at the tip, is embedded within the gap. This
third pole is saturated and is effectively inoperative
during the write cycle, but is not saturated and
effectively dominates operation during the readback
cycle. As a result of the operation and configuration of
the third pole, the readback waveform will be nearly
symmetrical.

In another aspect of the invention, a magnetic
transducer, includes at least a functionally first pole,
and at least a functionally second pole; the tip of the
second pole being formable over the tip of the first pole
regardless of relative pole width and alignment.

The pole tips may define a portion of an air-
bearing surface, with the first pole dispesed to interact
with a mgénetic medium before the second pole interacts
with the medium, thus defining a longitudinal operational
direction for the head, the poles being separated by a
gap section, the gap section's width running
substantially perpendicular to the longitudinal
direction, and the gap section being at least as wide as
the second pole tip is wide.

Preferably the second pole is at least one micron
wider than the first pcle. The top surface of the gap
section and the first pole can form a planarized work
area wider than the first pole. The poles form together
into a single structure and are ‘connected distal to the
tips defining a yoke, the yéke including a coil structure
having a least a first and a second lead, the leads
coupleable to a source of electricél energy to complete
an energization circuit.
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schematic view of the pole tips of a preferred record
the present invention, it will be appreciated
where the tip of pole P2 is
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Turning nowto Fig. 3, which i
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In yet another aépect of the invention, a magnetic
head with reduced topographical steps/edges and reduced
resultant spurious reflections during lithographic
processing, includes a substrate, an insulating layer
over the substrate, first pole piece upon the layer, a
second pole piece, a éap section, the gap section
intermediate and coupled'to the pole pieces, and the gap
section being at least about as wide as the second pole
piece and at least as wide as the first pole piece:
Preferably, a planarizing layer is defined upon the first '
pole pieée, whereby the first pole piece plus the
planarizing layer is at least about as wide as the second
pole piece. The planarlzzng layer can by AJ.:O3 or sio2 or
photoresist material, for example.

In still another aspect of the present invention,
a method for forming the poles of a thin film head, the
head having at least two poles separated by a gap
section, includes the steps of forming a planarizing
layer at the first of the poles at its tip whereby a
uniform planar area can be defined at the pole tip and
the planarizing layer, forming the gap section coupled to
the uniform planar area, and forming the second pole
coupled to the gap section. The planarizing layer may
include hard-baked photoresist material.

This process may include forming a layer of
insulating material adjacent to and over the first pole
and lapping the insulating material such that the top

surface of the first pole and the insulating material

conform to a siﬁgle plane whereby the uniform planar area
is defined. The planarizing layer may be A1,0,, Si0,, or
pelyimide, for example.-

In further aspect of the invention, in fabrication
of a multilayer magnetic device, where a first structure
is formed on a workpiece and serves as a base for a
second structure, a process of rendering the surface of

-_—
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5 wder than that of Pl near the gap. In partidulgjis spekesias Béﬂm and P2
define a gap g, where the width Werr] of the P2 . [Mﬂgpuﬂcadmaga& S

preferablly one or nore microns w der than th

pol e at the gap.

gap 10 ensures that the transverse conponent of
recording zone is mnimzed. Hence, the nedium
magneti zed in the | ongitudinal direction. T‘ I g ol

head design is approxi mately 0.25 microns s at which

The addi tional wi dth of pgie=P2=5ve fio"

occurs froma head -6 -

the first structure capable of supporting the second
structure even if the second structure is equal to or
wider than the first structure, and eliminating
step/edges and spurious reflections thereby, includés the
steps of: applying a leveling material over the surface
of the first structure; photo patterning the leveling
material; exposing and developing a desired portion of
the first structure; and baking the workpiece and forming

- a planarized plateau across and beyond the surface of the
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first structure. The leveling material may be
photoresist or polyimide, for example. An embodiment of
the process may be characterized in that the formed
structure is a first pole of a magnetic transducer,
wherein the leveling material is positive photoresist and
is photo-patterned using a resist border mask, and
wherein a resist border is retained extending over the
first pole at least at the pole tip region after exposure
and development of the photoresist. Preferably, the
border mask inner dimension is slightly smaller than that
of the plated pole tip width and forms a shoulder over
the first pole

Preferably, the photoresist is hard-baked at a
temperature of approximately 265°C or the polyimide is
hard-baked at a temperature of approximately 350°C. This
process may include applying a vacuum with a 10 cubic
feet per hour nitrogen backfill in a magnetic field.

- Preferably, the leveling compound overlaps the
edges of the first structure by approximately one-
quarter to one~half micron. Preferably, step/edges are
eliminated by the planarized plateau.

. In an additional aspect of the invention, in a
head having a gap layer extending over and possibly
beyond the sides of a pole, a method for improving gap
layer uniformity by preventing thinning of the gap layer
at the side corners of the pole during gap layer

This Sheet Has Been Re;

AN

i

|



15 where the P1 pole is wider than the P2 pole at tﬂmSQMEETHASEEEN

specul ate that, for a given track pitch, the w dthjof REPIWCER pol €f can
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In an alternative configuration of the present Xﬁg @ﬂ 1 third pole
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| ayer g as shown in Fig. 3. The third pQlg piece at its t|p S
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formation, includes the steps of: forming the pole on a
substrate; applying a leveling material over and beyond
the surface of the pole; and forming the gap layer with
the leveling material over and possibly extending beyond
the sides of pole.

Other advantages and features will become apparent
from the following description of the preferred
embodiment and from the claims.

e s on o _

Fig. 1 is a graphical representation of a typical
waveform generated by a thin film recording head reading
a transition from a magnetic storage medium.

Fig. 2 is a graphical representation of the
vectorial sum of the in-plane magnetic field components
from different head pole tip geometries, as experienced
at the medium mid-surface.

Fig. 3 is a cross-secticnal schematic view of a
preferred embodiment of the present invention.

Fig. 4A-D show in cross-sectional view the process
of planarization of P1 pole in practice of the invention.

A typical waveforn generated by a thin £ilnm
magnetic recording head reading a transition from a
magnetic medium is shown in the graphical representation
of Fig. 1. It will be noted that pulse 10 is defined by
a leading half 12 and a trailing half 14, which are not
exactly alike. This asymmetry contributes to the
variable peak shifts which normally occur when reading a
series of transitions from a medium. If the transverse
components of waveforms arising from transverse recording
were substantially reduced, then the asymmetry and the
variability in the peak shifts would be minimized
accompanied by an attendant increase in window margin.

Turning now to Fig. 2, which is a graphical
representation of a transition from each of three
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magnetically saturable. It will be appreci atgd by in the
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dom nat es readi ng such that a sharp transitj paienAefoy esul t

In known processes for making thin film heads, las

-8 -

recording head pole tip geometries (the first pole
greater than, equal to, and less than the second pole),
the ill effects of transverse field components upon
recording will be described. Upon this graph is

5 superimposed the projection of a magnétic head having two
equal width poles, P1 and P2, where adjacent portions of
the P1 and P2 pole tips are shown defining gap g. 1In
Fig. 2, distance along the track is shown in an arbitrary
scale on the X-axis, while location of a transition

10 relative to location of the gap is also shown in an
arbitrary scale on the ¥Y-axis. Futthermore, for each
pole tip geometry, only the contour along which the
effective in-plane head field equals the coercivity of
the medium is shown, which is the active recording region

.15 of the head during the write cycle. Also shown is an
arrow A which indicates the direction of medium movement,
and a center line indication on the right hand vertical
axis which signifies that only one half of the transition
and the recording head are shown in this figure.

20 _ ¥hen the width of the P2 pole at the air bearing
surface is equal to or less than that of Pl, the
magnitude of the transverse components of the head field
are about the same as or are larger than that of the
1on§itudina1 components at the fringe zones. Hence, the

25 vectorial sum of these components at the fringe zones
will be at the level of the recording medium coercivity
further ‘downstream than at the center of the poles. '
Therefore, the recorded transition will be imparted with
hooks at the fringe zones which will interact with the

30 previously recorded bit, causing nonlinear inter-symbol
interference at high bit densities. These hooks can be
about 1.5 micron wide on either side of the pole edges
and can-penetrate about 0.3 microns downstream, depending
upon the field produced by the head. As the write

35 current through the head is increased, the head field
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influencing the medium increases proportionately and the
hooks become more prominent. Therefore, at high bit
densities, this nonlinear interference between closely
recorded bits causes a reduction of readback amplitude as
the write current is 1ncreased, a phenomenon which wve
define as “peakxness.

It will be appreciated that the transverse
component of the head field has an asymmetrical
distribution along the direction of media motion. Thus,
if the transverse head field along one pole is considered-
as being positive, then the transverse head field along
the other pole will be negative. By the principle of
reciprocity, it can be shown that the resulting
transverse readback waveform is also asymmetrical. This
transverse readback waveform is of opposite sign to the
longitudinal readback waveform during the leading portion
12 of the central pulse 10 of Fig. 1; it is of the same
sign as the longitudinal readback waveform during the
trailing portion 14 of Fig. 1. This is a result of the
transverse head field during readback near pole P1 being
in a direetiqn opposite to the direction of the
transverse orientation of the medium magnetization which
has been determined during writing by pole P2. Hence,
the leading position's "20%3-90%" rise time of the
resulting readback pulse is reduced, while the trailing
portion's "90%-to-20%" fall time is increased, because of
the asynﬁetry in the transverse coﬁponent of the readback
waveform.

When the width of the P2 pole at the air bearing
surface is equal to or less than that of P1, the vertical
component of the head field is typically about two times
the coercivity in the recording zone and the resultant
head field is about 60° out-of-plane. When the head
field is greater than about 45° or 50° out-of-plane, then
the in-plane switching field of high coercivity media is

-
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reduced. As a result, the longitudinal dimension of the
recorded transition is increased which leads to wider
pulse widths and lower high frequency amplitudes. Again,
as the write current though the head is increased, the
vertical field increases, thus causing further
degradation of high freqdency readback amplitude, i.e.,
an increase in peakiness.

When the P2 pole is wider than the Pl pole, such
as by a few microns, the transverse fields at the fringe
zones are reduced, perhaps by 35% in magnitude compared
to the above configurations, and also the non-parallel
contours of the longitudinal component of the head field
become parallel to the gap at the fringe zone. This
favorable field distribution eliminates the hooks in the
transition, since the transition is now essentially
parallel to the gap at all points. A straight transition
prevents the nonlinear interference of the current
transition with the previous one during the writing
cycle, also re@uciﬂg peakiness.

The present invention substantially reduces
asymmetry in the resulting .readback waveforms by
substantially reducing the transverse component during
recording when the cross-section of pole P2 is wider than
that of P1. Hence, the readback waveform is symmetrical
and the magnitudes 'of the rise and fall times become
nearly identical. This symmetry will result in a
reduction-of peak shift variability. ’

The present invention also reduces the vertical
field at the recording zone such that the resultant head"
field is less than 50° cut-of-plane. As a result, high
coercivity media do not suffer any degradation in the
magnitude of their in-plane switching field. Therefore,
the high frequency readback amplitude remains almost

constant with an increase in write current, thus
minimizing peakiness.

_—
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phot ol i t hographi c process. After the resist is deve opedSHEEHHASEﬁENd
mask, the first pole piece is plated through thg naskREREAGED t hi s
platlng process is conpl eted (including re B to

exposed 10 underlying seed and adhesion | ayers lﬂﬂﬂﬂ@kMENﬁﬁﬁEéTr t

pol e piece, and then etching the plated areas t he h@ﬂ£iﬁn a llgap
| ayer, 'such -as Sigerr] or Al2Jerr], i s deposi emte...ﬂ.i‘l : ver,

this gap | ayer does not al ways adequately c 2 rners Cl
and C2 defined by 15 where the P1 pole“tﬁb'éurface 32 neets the side walls

28 Turning now to Fig. 3, which is a cross-sectional
schematic view of the pole tips of a preferred recording
head 20 of the present invention, it will be appreciated
that a geometry is shown where the tip of pole P2 is

5 wider than that of Pl near the gap. In particular, poles
Pl and P2 define a gap g, where the width 30 of the P2
pole at the gap is preferably one or more microns wider
than the width W', of the P1 pole at the gap. The
additional width of pole P2 over pole P1 at the gap

10 ensu:es'that the transverse component of the head field
at the recording zone is.minimized. Hence, the medium is
essentially magnetized in the longitudinal direction.

The write fringing of such a head design is approximately
0.25 microns smaller than that which occurs from a head

15 where the Pl pole is wider than the P2 pole at the gap.

* We speculate that, for a given track pitch, the width of
the P2 pole can be increased slightly, which produces a
larger readback signal, thus improving the signal-to-
noise ratio of the recording systen.

20 In an alternative configuration of the present
invention, a third pole piece P3 may be formed as part of
head 20, embedded within the gap layer g. This third
head is indicated by the dotted outline within gap layer
g as shown in Fig. 3. The third pole piece at its tip is

25 preferably configured to be both thin, less wide than
pole P2, and magnetically saturable. It will be
appreciated by those skilled in the art that this
saturation property can be selectively used by applying
appropriate energization to the coil structure at the

30 yoke, whereby the third pole is effectively inoperative
during the write cycle. During the read cycle, the thira
pole is not saturated and effectively donminates reading
"such that a sharp transition waveform will result.

In known processes for making thin £ilm heads, an

35 insulating base layer of, for example Al,0,, is deposited
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on a ce:amic substtate, such as 3M's ALSIMAG 204. A
sputtered seed layer, such as NiFe, is applied over this
insulating base layer (perhaps employing a metallic
adhesion layer). Photoresist is then spun over the seed
layer and a pole piece pattern is formed buy a
photolithographic process. After the resist is developed
to form a mask, the first pole piece is plated through
the mask. After this plating process is completed
(including removing the mask, etching to exposed
underlying seed and adhesion layers, remasking the first
pole piece, and.then etching the plated areas of the
pole), a gap layer, such as Si0, or A120,, is deposited
thereon. However, this gap layer does not always
adequataly cover the P1 pole corners Cl and C2 defined by
where the P1 pole top surface 32 meets the side walls 28
and 30, due to the abrupt change in topography at these
sidewalls.

In the next steps, a coil structure is formed over
the yoke with intermediate layers of insulation, and the
second pole piece is formed over this coil structure and
the gap layer. During these steps, a considerable
thinning of the gap layer occurs, and it can become
completely depleted at corners Cl and C2. During plating
of the second pole piece, the width of the second pole at
its tip is customarily plated to be narrower than the
width of the first pole at its tip, in order to allow for
microlithographic misalignment tolerances and perhaps
also to avoid magnetic shorts occurring between the two
poles at junctures Cl and C2 where the gap layer has
thinned.

In practice of the present invention, the step at
which the gap layer is deposited onto the P1 pole piece

'is preceded with a planarization process. This

planarization involves forming a layer of non-magnetic

material adjacent to the P1 pole on either side such that
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magnetic shorts occurring between the two pol-es. [ pctires
- where the gap |ayer has 30 thinned. IﬁgﬁLﬁﬁg
-~ invention, the step at whi ch the gap | ayer |is depoﬁlj-pﬂ-]?‘g Eﬂ t
pol e piece is preceded with a planarization{pngeess. . N30
pl anari zation involves formng a | ayer of non- nana;———-«n-u;—f—g;-—;djacent
to the P1 pole on either side such that ,, _

there is a uniform baéa on which the gap layer will be
'deposited. Hence, as shown in Fig. 3, the planarization
layer assumes the same upper plane P as does the upper
surface of pole Pi. :

5 A misaligned P2 pole can hang over the edge of Pl
pole, which can result in head pulse asymmetry and peak
shift, in addition to increasing the likelihood of pole
to pole shortiné at the corners Cl, C2 of the Pl pole.
With a planarized Pi pole, such misalignment will not

10 produce these negative effects, and in addition, present
alignment/registration tolerances are relieved. As a
result, in addition to the traditional P2 width less than
P1 width configuration, it is now possible to
conveniently produce magnetic heads where the P2 width is

15 equal to or greater than the P1 width.

An additional benefit of planarization is that it
improves uniformity of the gap layer atop pole Pl because
of a more consistent angel of incidence of the pole
surface with respect to the deposition stream. Hence,

20 planarization should result in greater uniformity of gap
layer coverage of the Pl pole especlally at the pole tip
edges. Also, erosion problems asscciated with
topegraphy, and changes in topography, are reduced or
eliminated, since the erovsion rate over a planar surface

25 tends to be uniform, while the erosion rate at step edges
tends to be accelerated,

Planarization also reduces iithographic complexity
in the pole tip region. 1In practice of the present
invention, it is therefore possible toc present a plateau,

30 rather than a valley/mesa combination with step edges,
upon which subsequent structures can be
deposited/exposed/developed. This improves critical
dimension control by eliminating stray reflections off

the step edges and allows generation of more vertically
35 walled P2 poles.
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As a result of the planarization layer, the gap
layer assumes a uniform thickness cver the entire P1 top
surface, and if thinning occurs it does so uniformly over
the entire gap layer during the successive steps of the
process described above. The width of the second pole
piece P2 then becomes independent of the width of pole
Pl, where the planarized gap layer is at least as wide as
the overlaid P2 pole. Hence, when pole piece P2 is
plated to be wider than or approximately equal to pole
piece P1, no magnetic shorting occcurs at the gap.

A preferred embodiment of the photoplanarization
process 1is described with respect of FIGS. 4A-4D. In
FIG. 4A, a Pl pole is shown on an insulating layer 48
upon a wafer 39 in practice of conventional process
technolegy. In FIG. 4B, a positive photbresist (e.g.
AZ1375) is spun on top of workpiece 39 of FIG. 4A, for
example, at.approximately 4,000 rpm in the case of a 3.0
micron thick Pl pole. The resist viscosity and spin
speed affect the spun f£ilm thickness, and should be
adjusted according to pole thickness t. Photoresist 40
will settle on and over the Pl pole and will assume

_approximately the configuration (in cross-section) as

shown in FIG. 4B.

In the next step, photoresist 40 is pattern-wise.
exposed and developed as is well known to those practiced
in microlithography using a photoresist border pattern
mask 38 (shown_ in dotted outline in FIG. 4C). By virtue
of this process, a resist border 42 is retained around
the P1 pole, or at least at the pole tip region, after
exposure and development. Border 42 overlaps the Pl pole
in the tract width direction W, ultimately to insure a
smooth transition from the pole top surface 32 to the
planarized plateau P after further processing. As a
result of the slight overlap of border 42, a raised

.portion of photoresist 40 will remain on top of pole Pl

-
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after developing, as indicated in Fig. 4C by the slight
shoulders 44 overriding the corners C1 and C2 of pole P1.
Preferably each resist shoulder will overlap pole Pl by
approximately one-quarter to one-half micron.

5. Photoresist 40 remaining on workpiece 39 is hard-
baked thereafter. In this process, the resist will
undergo thermal flow and cross-linking, and shoulders 44
atop the Pl pole corners C1, €2 will thin out by means of
surface tension in the polymer as it passes the glass

10 transition point. The result is a rather smooth-
surfaced, chemically resistant plateau P. This plateau
P, acting in concert with the top surface 32 of pole P1,
yields substantially flat areas 45 and terminates with

_ smoothly downward sloped outer walls 46 which merge with

15 insulating base layer 48, as seen in FIG. 4D. (This
provides a substantially flat workpiece, however, a
slight elevation may be experienced at the point where
the photoresist meets flat area 45.) This structure is
suitable for further processing, such as gap layer

20 deposition and plating of pole P2 (less than, equal to or

wider than pole Pl). In alternative embodiments,
however, it may be desirable to lap the planarized
surface P before further processing.
Hard-baking of photoresist 40 is preferably

25 performed at 265°C, under vacuum with 10 cubic feet per
hour nitrogen backfill. A magnetic field may also be
applied during this process to effect desired anisotropic
magnetic pole performance characteristics. .

Referring again to the spun on photoresist, it is

30 noted that too low a spin speed will result in minor

' smooth hard-baked photoresist "ears® at the edges of the
P1 pole. This will provide a slightly thicker gap
locally. Too high a spin speed will have less of an
effect, but will result in sloping down of the entire

35 planarized surface as it extends away from pole Pl and
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Wth a planarized Pl pole, such msalignnment will _not 10 p oducehtheﬁegg

negative effects, and in addition, present alijirgn

tol erances are relieved. As a result, in addit =1@QEMENTSh£QTt onal P2
width [ ess than ° P1 width conflguratlon it \ﬁ@@,

conveni ently produce nmagnetic heads where the P2jLu ?h S ual o or
greater. than the P1 w dth. . An addi tional be

pl anarization is that it - i nproves uniformty of the gap Iayer atop pol e
P1 because of a nore consistent angl® ¥ 1 ncidence of the pole

will result in a sloping down of pole P2 formed
thereover. '

Alternative process steps may be followed in
practice of the above photoplanarization invention. For

5 examplae, pblyimide has advantages over hard-baked

photoresist in that it is less brittle, mechanically
strong and highly chemically resistant.
These properties are advantageous for a material which in
the pole tip region would be submitted to mechanical

10 'processing and solvent cleaning. The disadvantages of
polyimide, however, are that the material dces not round
the flow as well as photoresist, and additional process
steps and final cure temperatures greater than 350° are
required to fully imidize the polymer. This latter

15 constraint may be mitigated by curing in an orienting
magnetic field.

In one alternative process, a polyimide coating of
a thickness equal to or slightly greater than the P1 péle
piece thickness is spun onto the wafer and is partially

20 cured. Positive resist is then spun onto the wafer and
patterned using a mask similar to that described above.
The polyimide is than patterned (in the partially cured
state) via the positive resist using a hydroxide-based
developer. .

25 The wafer is then polished. For example, it can
be inverted on a one-half micron (or less) grit, mylar
mounted!-fixeg particle abrasive polishing media, and
then-th‘iwafer is slightly pulled across the polishing
media to remove excess resist from the top surface of the

30 pole piece. A low amount of force is required to remove
the soft-baked resist. Surface scratching should be
avoided by using low polishing forces in low grit size,
although the actual process may include a rough polish

followed by polishing steps using increasingly finer grit
35 size.
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surface with respect to the deposition stream Hence,

shoul d result i
pol e especially
associ dated wi-th

elimnated, since the erosion rate over a planar 3@%% E”l
uniform while the erosion rate at step edges
Pl anari zati on al so reduces |it-hographi c. coaneX|ty T Tntn

. : i
n greater uniformty of gap | ayer cg
at the pole tip edges. Al so,

e )S|T TH TararmTsaa : Z
t opography, and changes in tf ﬂ@%? T

region. In practice of the present -17 -

10

i5

20

25

In the next step, the polyimide is fully cured at
35Q0°C. ) )

In the processes described above, any positive
acting photoresist may be used, such as AZ-1375, diazide
sensitizer, phenolic résin, etc. The resist used will
depend upon the pole thickness to be planarized. Resists
are available in different viscosity ranges, vhich will
affect coating thickness. The spin coating speed will
also depend upon resist type and desired thickness. 1In
our experience, we have found that coating thickness
resulting on the wafer should be approximately 20% to 30%
greater than the pole thickness being planarized in oxder
to allow for volume shrinkage which will occur from hard
baking. . Also, after spin coating, a soft bake at 90°C
for 30 minutes is preferably performed to drive off
resist coating solvents, which is a standard process
procedure. '

As a result of the foregoing, conventional thin
£ilm head fabrication may be modified to provide an
inexpensive, quick and high yield process for generation
of magnetic thin f£ilm heads not otherwise practically
possible heretofore. Thus, new.configurations of the P2
pole equal to and wider than the Pl pole can be
conveniently achieved.

The configuration of the pole tips in practice of
the present invention can be of any desirad combination.

~ For exahple,-a substantially rectangular portion adjacent

30

to the gap and a substantially trapezoidal portion
adjacent to the rectangular portion can be defined in
either or both of the pole tips, in order to minimize
undershoots that result in the readback waveforms from
thin £ilm heads. Furthermore, it is recognized that
other modifications and variations of the present
invent;on will occur to those skilled in the art, and it

This Sheet Has Been RTla ed

TR



i nvention, it is therefore possible to present a plateau, 30 rather than a
val | ey/ mesa conbi nation with step edges, upon which sub nt
structures can be deposi t ed/ exposed/ develjof; ggyep critical
di mrension control by elimnating stray refl egt 6&%”%$$§Nf§a EY tep edges
and all ows generation of nore vertically 35 WB| | ed JDZJUNDIIm _____
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is intended that all modifications and variations be
included within the scope of the appended claims.
What is claimed is:
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Claims .

1 1. A magnetic transducer, comprising:

2 at least a functionally first pole,

3 at least a functionally second pole,

4 the tip of the second pole being formable over
5 the tip of the first pole regardless of relative pole

6 width and alignment.

1 2. The transducer of claim 1 wherein

2 the pcle tips define a portion of an air-

3 bearing surface, the first pole disposed to interact with
4 a magnetic medium before the second pole interacts with

5 the medium, thus defining a longitudinal operai:ional

6 direction for the head,

7 - the poles separated by a gap section, the gap
8 section's width running substantially perpendicular to

9 the longitudinal direction, and '

10 " the gap section being at least as wide as the
11 second pole tip is wide.

1 3. The transducer of claim 2 wherein the second
2 pole is at least one micron wider than the first pole.

1 4. The transducer of claim 2 wherein the top

2 surface of the gap section and the top surface of the

3 first pole form a planarized work area wider than the top
4 surface.of the first pole.

1 5. The transducer of claim 1 or 2 further

2 comprising a third pole, the third pole located in the

3 gap section.

1 6. The transducer of claim 2 wherein the third
2 pole tip is less wide than the first pole tip.
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As a result of the planarization |ayer, the gap i form
t hi ckness over the entire PIL top surface, and | t
e bneed-Pre st eps

ﬁEPLﬁeEﬂEﬂTﬁﬁEﬁT | 'piece

orone” 3 oroc NDMMIBIRAGS. ' 75 ot ¥'of i
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then becomes *i nélepen the wi dth of polie

pl anari zed gap |l ayer is at | east as w de as -pgl e.
Hence, when pole piece P2 is pl ated to be um¥ﬁ§ﬁ;6F=EﬁﬁF“*lnately
equal to pole 10 piece P1, no nagnetit ¥horting occurs at the gap.
1 7. The transducer of claim 2 wherein the poles
2 form a single structure and are connected distal to the
3 tips defining a yoke, the yoke including a coil structure
4 having at least a first and a second lead, the leads
5 coupleable to a source of electrical energy to complete
6 an energization circuit.
b 8. The transducer of claim 5 wherein at least the
2 first and second poles form a single structure and are
3 connected distal to the tips defining a yoke, the yoke
4 including a coil structure having at least a first, a
5 second, and a third lead, the leads ¢coupleable to a
6 source of electrical energy to complete an energization
7 circuit.
1 9. A magnetic head with reduced topographical
2 steps/edges and reduced resultant spurious reflections
3 during iithographic processing, comprising°
4 a substrate,
5 " an insulating layer over the substrate,
6 a first pole piece upon the layer,
7 ‘a second pole piece,
8 a gap section,
9 the gap section internediate and coupled to
10 the pole pieces, and
11 the gap section being at least about as wide
12 as the second pole piece and at least as wide as the
13 first pole piece. :
1 10. The head of claim 9 wherein a planarizing
2 layer is defined upon the first pole piece, whereby the
3 first pole piece plus the planarizing layer is at least
4 about as wide as the second pole piece.
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A pr ef er r ed—enbodinent—ofthe. phot opI anari zation
th resp ect of FIGS. 4A-4D. In FIG 4A, a Plj
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4,000 rpmin the case of a 3.0 m cron thic
viscosity and spin speed affect the spun fi
20 adj usted according to pol e thickness2t -Phot
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15 technol

-

pi ece 39 of FIG 4A for
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11. The head of claim 10 wherein the planariz:.ng

1
2 layer is comprised of Al,0,, sioz, photoresist or
3 polyimide.
1 12. A method for forming the poles of a thin film
2 head, the head having at least two poles separated by a
3 gap section, the steps comprising:
4 (a) forming a planarizing layer at the first
5 of- the poles at its tip whereby a uniform planar area can
6 be defined at the pole tip and the planarizing layer, .
7 (b) forming the gap section coupled to the
8 uniform planar area, and
9 ' (c) forming the second pole coupled to the
10 gap section.
1 13.  The method of claim 12 wherein the
2 planarizing lafer is comprised of photoresist material
3 and wherein step (a) includes hard baking the material.
1 14. The method of claim 12 wherein step (a)
2 ‘includes forming a layer of insulating material adjacent
3 to and over the first pole and lapping the insulating -
4 material such that the top surface of the first pole and
5 the insulating material conform to a single plane whereby
6 the uniform planar area is defined.
1. 15.. The method of claim 14 wherein the
2 planarizing layer is comprised of Al1,0,, SiO, or
3 polyimide.
1 16. The method of claim 12, wherein saiad _
2 planarizing layer is comprised of polyimide, and wherein
3 step (a) includes baking and patterning said polyimide.
This Sheet Has Been Replaced
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will settle on and over the P1 pole and will assune X : e
configuration (1 n cross-section) as shown in FI G| JB'S SHEET HAS BEEM, ||t he
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border pattern '+ 38 Gshdwn in dotted outli
of this process, a reS|st border 42 is retained &

at least at the pole tip region, after 30 exposu
Border 42 overlaps the P1 pole =22 -
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1 17. In fabrication of a multilayer magnetic
device, where a first structure is formed on a workpiece
and serves as a base for a second structure, a process of
rendering the surface of the first structure capable of
supporting the second structure even if the second
structure is equal to or wider than the first structure,
and eliminating step/edges and spuriocus reflections
thereby, comprising the steps of: '

- A. applying a leveling material over the

n

OV O N e~ WN

10 surface of the first structure,

11 B. photo patterning the leveling material,
12 exposing'and developing a desired portion of the first
13 structure, and '
14 C. baking the workpiece and forming a
15 planarized plateau across and beycnd the surface of the
16 first structure. '

1 . 18. The process of claim 17 wherein the leveling
2 material is photoresist or polyimide and is spun on the
3 workpiece.

1 19. The process of claim 20 wherein

2 (a) the formed structure is first pole of a
3 magnetic transducer,

4 (b) the leveling material is positive photo
5 resist and is phdto patterned using a resist border mask,
6 and |

7 .tc) a resist border mask is retained

8 extending over the first pole at least at the pole tip

9 region after exposuras and development of the photoresist.
1 20. The process of claim 19 wherein the border
2

mask inner dimension is slxghtly smaller than that of the
3 plated pole tip. :

L]
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| 21.  The process of claim 20 wherein the border
2 mask forms a shoulder over the first pole.

1 22. The process ¢f claim 18 wherein the
2 photoresist is hard-baked at a temperature of
3 approximately 265°C.

1 23. The process of claim 18 wherein the polyimide
2 is hard-baked at a temperature of approximately 350°C.

1 24. The proceés of claim 22 further comprising
2 applying a vacuum with a 10 cubic feet per hour nitrogen
3 backfill in a magnetic field.

b 25. The brécess of claim 23 further comprising

2 applying a vacuum of with a 10 cubic feet per hour

3 nitrogen backfill in a magnetic field.

1 26. The process of claim 17 wherein stép B

2 includes causing the leveling compound to overlap the

3 edges of the first structure by approximately one-quarter
4 to one-half micron.

1 27. The process of claim 17 wherein step/edges

2 are eliminated by the planarized plateau.

28. The process of claim 19 wheraiq the side

1

2 walls of thé first pole are made substantially vertical.

1l 29. In a head having a gap layer extendinq over

2 and possibly beyond the sides of pole, a method for

3 improving gap layer uniformity by preventing thinning of

4 the gap layer as the side corners of the pole during gap

5 layer formation, comprising the steps of: _

[ (a) forming the pole on a substrate,
T
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8 (b} applying a leveling material over and
9 beyond the surface of the pole, and

10 (c) forming the gap layer with the leveling

11 nmaterial over and possibly extending beyond the sides of
12 the pole.

30. A recording head to optimize high density
recording by reduction of hooks.on ends of a transition,
comprising at least two poles with a gap section in
between and configured with the second pole and gap
section being greater in width than the first pole, the
second pole to first pole width ratio yielding low
transverse field components at the head field fringes,
whereby the transition becomes substantially parallel to
the gap section.

O 0 NN o0 kW N

P

31. The head of claim 30 wherein the vertical
component of the head field, relative to horizontal
3 components, are minimized.

~

1 32. The head of claim 30 wherein the longitudinal
2 component of the head field is substantially parallel to
3 the gap saction at the head field fringes..

1 33. The head of claim 30 having field
2 distribution which eliminates the hooks at the ends of a
3 transition.

1 34, The head of claim 33 wherein the transition
2 1is defined parallel to the gap section.

1 35. The head of claim 31 wherein the vertical
2 component at the recording zone is reduced by about 35%
3 compared to the same device with the first pocle wider
4 than the second pole. '

—_—
This Sheet HasB

ummmuﬂnmm



sHdiS| SHEET 44 g EEN
each REBLM:ED

after devel ngil_c;;ggeizn Fig. 4C by the slight
overriding the corners of pole P1. Preferably

shoul der WI | I appr oxi mat ef:) SOt e O e
micron. ma‘ "éj‘ 40 remaini ng on wofffkpi eteCBMENT Sapge-

baked thereaft*er cess the resist il 03udg r t hey mal
fl ow and cross-1inking, and shoul ders 44 at gp-the Pi- pole orngfs Ci,

C2 will thin out by nmeans of surface tension in the poryr
passes the glass 10 transition point. ~-TRS result is a rather srmot h-

1 36. The head of claim 35 wixerein the resultant
2 head field is about 50° ocut-of=-plane.

1 37. The head of claim 36 further comprising a .
2 third pole for readback embedded within the gap section.

1 38. The head of claim 36 wherein the readback
2 waveform is nearly symmetrical.-’ '

1 39. A method for optimiz:iné high density

2 recording of transitions on-a medium using a magnetic

3 head, comprising:

4 reducing transverse field components at the

S head fringes, reducing the hooks on the ends of the

6 transitions, and reducing vertical components of the head

7 field, vwhereby in a sequence of recorded transitions,

8 each transition becomes substantially parallel to the -

9 previous transaction as recorded.o'n the medium.

1 40. The method of claim 39 wherein the head has

2 at least two poles with a gap section in between.

1 s jhe method of claim 40 wherein the second

2 pole and gap section are greater in width than the first

3 pole. '

1 42. The method of claim 41 wherein the second

2 pole is about one or more ﬁicrons' wider than the first

3 pole.

1 43. The method of claim 42 wherein the transverse

2 fields at the fringe zohes are reduced approximately 35%

3 compared to if the first pole were greater in width than

4 the second pole.
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surfaced, chemcally resistant plateau P. This pl ateau P actlnﬁPh
concert with the top surface 32 of pole P1, yi el ds subst

areas 45 and snoot hl y dommmardya_gaﬁh_;._"__A.__. 46
whi ch merge w{ﬂiﬂﬂﬂ[ﬂl“ﬂ[lﬂlﬂ base | ayer 48, as swwm@a@wmeﬁ s
provi des a su ant fsl at wor kpi ece, however, @ I on
may be experienced at the poi nt where t he photg rea
45.) This structure is suitable for further pr-::--

| ayer 20 deposition and plating of pole2®=(|ess than, equal to or

1 44, The method of claim 43 wherein the
2 longitudinal component of the head field is parallel to
3 the gap at the firing zones.

1 45. The method of claim 44 wherein the resultant

2 head field at the recording zone is only about 50° out-
of-plane.

1 46. The method of claim 45.furthe: including

2 providing a symmetrical readback waveform with a third:

3 pole embedded in the gap layer between the two poles, the

4 third pole saturating during writing and operating durlng

-5 reading.

-_—
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wi der than pole Pl). In alternative enbodi nents,

desirable to lap the planarized surface P bef

.Har d- baki ng of photoresist 40 is preferably 25 PY

‘under vacuumwi th 10 cubic feet per hour nitre

-field may al so be applied during this process f TS =)

ani sot ropi ¢ magneti c pol e performance charact ef ﬁﬁPb%CEMENTSHEETE

Referring again to the spun on photoresist, it is 8D notiB@\JyN, | gw a

Sp| n Speed wi || resu|t in m nor - 27 - ' _;__‘Date ......................... )
Abstract

Recording head to optimize high density recording
by reduction of hooks on ends of transitions, the
recording head having at least two poles with a gap

5 section inbetween and configured with the second pole and
gap section being greater in width than the first pole.
Transverse field components are reduced at the head
fringes and the transition becomes substantially parallel
to gap. The vertical components of the head field are

10 also minimized. Method for producihq head with narrow .
first pole includes planarization qf'first'pOIe area to
receive wider gap layer and wider second pole.

Figures2 & 3
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Al ternative process steps may be followed in practice of the above

phot opl anari zation.invention. For 5 exanple, polyimde has agwan 1tag
har d- baked photoresist in that it is less brittle, nechan
strong and highly chenically resistant. Theese propgrties §
advant ageous for a material which in the pole tip y
submitted to mechanical 10 processing and sol vent cl
di sadvant ages of pol yi m de, however, are that the/nbi
round the flow as well as photoresist, and addi tiieRal y
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steps and final cure tenperatures greater than 350[err] ar
fully im.dize the polyner. This latter 15 constraint may

curing in+an orienting magnetic field.
process, a polyimde coati-ng of a thickness efiugtplaAbedicet sABET
greater than the Pl pole pi ece thicknesxy ks siun onto the mafer

partially 20

patterned using a nask simlar to that described &hove b
is then_patterned (in the partially cured . _

10
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cured. Positive resist is then spu
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RECORDING HEAD TO OPTIMIZE HIGH DENSITY RECORDING

Abstract

Recording head to optimize high density recording
by reduction of hooks on ends of transitions, the
recording head having at least two poles with a gap
section inbetween and configured with the second pole and
gap section being greater in width than the first pole.
Transverse field components are reduced at the head
fringes and the transition becomes substantially parallel
to gap. The vertical components of the head field are
also minimized. Method for producing head with narrow .
first pole includes planarization of first pole area to
receive wider gap layer and wider second pole.

Figures2 &3
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Staje) yia the positive resist using a hydroxi de-based devel oper. 25

The wafer is then polished. For exanple, it can be inverted on a
one-half mcron (or less) grit, nylar nount ed, fixed particle abrasive .
pol irshi ng nedia, and then the wafer is sllghtly pullgg‘;__¢rs t he -
pol i shi ng medi a to renpbve excess resist fromthe—top, a of the 30
pole piece. A low anmount of force is requir {-ﬁEPUNg"a sof t - baked
resist. Surface scratching should be ~avoi {fed b“zl i shi ng
forces in lowgrit size, Date Mt

RECORDING HEAD TO OPTIMIZE HIGH DENSITY RECORDING
Q o) e e

The present invention relates to design of a

magnetic recording head which optimizes high density
5 longitudinal recording.

A magnetic recording head produces a magnetic
field which has transverse, vertical, and longitudinal
components. The longitudinal component is directed along
the recording medium direction of motion, the vertical

10 component is normal to the plane of the medium, and the
transverse component is oriented along the track width
direction. Recording heads are ordinarily designed such
that the strength of the head field at the medium mid-
plane directly beneath the gap center line of the head is

15° about two to three times the value of the medium
coercivity, where coercivity is the amount of field
strength necessary to switch the orientation of the
magnetization in the medium. A track is created during
the head write cycle by the downstream magnetic field of

20 the head where it equals the  coercivity threshold of the -
medium. When a data bit is written, the medium.magnetic
orientation is reversed on the track at an assigned
location. Each of the sections of the medium where the
magnetization has been reversed is referred to

25 individually as a "transition". The width of the track
defined on the recording medium will be approximately
equal to the width of the head gap.

< A typical recording head will include two pole

N ~ pieces with the gap defined therebetween. The actual

30 "recording of a transition occurs somewhat downstreanm
along the direction of the moving mediun,'approximately
0.25 microns into the second pole plece in the
longxtudinal direction.

[



al t hough the actual process may include a rough polish fol | owed by
poli shing steps using increasingly finer grit 35 size. '
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The transverse field component from the head is comparable in

magnitude to the longitudinal field component at the sides of the head, the

_ latter known as the fringe zones. for thin film media, the two in-plane

components of the head field, i.e. the transverse and longitudinal

5  components, add vectorially in their impact on the transition. In the mid-

section of the track, only the longitudinal field exists and hence it

produces an essentially straight line transition perpendicular to the

direction of medium movement. However, the recorded transition is not

parallel to the gap in the fringe zones because of the varying degrees of

10  interaction between the two in-plane components. In fact, at the fringe

zones the transition will be perturbed at its ends where hooks are defined

protruding further into the downstream section of the medium. These

hooks cause inter-symbol interference during the writing of closely spaced

. bits and can cause lateral asymmetry in the readback pulse. -In addition,

15  the medium coercivity may be degraded when the perpendicular (vertical)
component of the head field that is imposed upon the medium is large.

In the known processes used to manufacture recording heads of the

type discussed above, the second pole is normally configured to be as

wide as or about one to three microns narrower than the first pole at the

20  gap. Such designs suffer from the fringe zone and vertical field effects

problems discussed above during longitudinal recording on thin film

media.

A particular problem in the manufacture of recording heads in

which the second pole is of similar width or greater width than the first

25  pole is satisfactorily providing a gap layer extending over and possibly

beyond the sides of the first pole. In such arrangements, thinning of the

gap layer at the side corners of the pole during gap layer formation can

occur.



- 137 - In the next step, the polyimde is fully cured at
35'0[err] C In the processes descri bed above, any positive
acting photoresist my be used, such as AZ-1375,
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In JP-62 219 218 there is described a process in whicﬁ a gap layer
is deposited over first pole tip in a non-planar fashion. After the gap
material is deposited, an organic layer is deposited over the structure and
is planarized to expose a portion of the gap layer. The second pole tip is

5  then deposited over the exposed gap film and the planarizing portion of
the organic layer. This arrangement does not, however, resolve the

problems of thinning of the gap layer over the corners of the first pole.

In JP-62 204 420 there is described a process in which a gap layer

10  is deposited over a planarized structure which includes a first pole and

planarizing inorganic insulating layér. In this process, however, the

inorganic insulting layer is deposited as a complete covering layer on the

substrate carrying the first pole, and is then ground back until the first
magnetic pole is exposed. Thls is also described in EP-A-0 351 048 which is,.

15 however, relevant only under Art. 54(3) EPC.

| in JP-63 64613 there is described a process in which a gap layer is
deposited over a planarized structure which includes a first pole and
planarizing non-magnetic material. In this process, however, the non-
magnetic material is patterned with photoresiét coincident with the edges
20 of the first pole, and the non-magnetic material thereby etched back to

expose the first pole.
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'S .sensjtizer, phenolic resin, etc. The resist used wll depend upon

the pole thickness to be planarized. Resists are avail able in
different viscosity ranges, which wll affect coating thickness.
spin coating speed wll al so depend upon resj

thickness. In 10 our experience, we have found t{hgiept QaEtnT SiEe
resulting on the wafer should be approximtely 200 to 30% great ¢

the pol e thickness being planarized i R2ler der @geém@/\(sEprtm[.ym
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shrinkage which will occur from hard haki ng. S+
a soft bake at 90[err]C

According to the present invention, there is provided a method for forming a thin
film head that comprises at least two pole structures separated by a gap section,
the steps comprising:

(a) disposing a levelling material adjacent to and partially over an
upper surface of a tip of a first of said pole structures;

(b) forming a planarizing layer adjacent to said tip of said first of pole
structures, from the levelling material, by hard baking the levelling
material to cause thermal flow of that the portion of the levelling
material that is disposed partially over said upper surface such that
the planarizing layer defines a uniform planar area comprising an
upper surface of the tip of the first of the pole structures and an
upper surface of the planarizing layer;

(c) forming the gap section upon the uniform planar area; and

(d) forming a tip of a second of the pole structures upon the gap

section.

giat i ng,



15 for 30 minutes is preferably performed to drive off resi st coating

sol vents, which is a standard process procedure. As a
result of the foregoing, conventional thin filmhead fabrication my be
nodi fied to provide an 20 inexpensive, quick and rocess||f or
generation of magnetic thin film heads not othe B%)ébgkﬂgb'ﬁls&ﬁ y
possi bl e heretofore. Thus, new configurdtions of the P2( 2 Ep)ngpquﬁl to
and wi der than the Pl pole can be conveni ent | é{?ﬁ eveds """"""""""""
f Descript of of.the Drawings
10 Fig. 1 is a graphical representation of a typical

waveform generated by a thin film recording head reading
a transition from a magnetic etorage medium.
Fig. 2 is a graphical representation of the
vectorial sum of the in-plane magnetic field components
15 from different head pole tip geometrles, as experienced
at the medium mid-surface. .
Fig. 3 is a cross-sectional schematic view of a
preferred embodiment of the present invention.
Fig. 4A-D show in cross-sectional view the process
20 of planarization of P1 pole in practice of the invention.
Descriptio f the Preferred Fmbodime
A typical waveform generated by a thin film
magnetic recording head reading a transition from a
magnetic medium is shown in the graphical representation
25 of Fig. 1. It will pe noted that pulse 10 is defined by
a leading half 12 and a trailing half 14, which are not
exactly alike. This asymmetry contributes to the
variable peak shifts which normally occur when reading a
series of transitions from a medium. If the transverse
30 components of waveforms arising from transverse recordinqg
were substantially reduced, then the asymmetry and the |
variability in the peak shifts would be minimized
accompanied by an attendant increase in window margin.
Turning now to Fig. 2, which is a graphical
35 representation of a transition from each of three
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The configuration of the pole tips in practice of t he
present invention can be of any desired conbi nation. For exanple, a
substantially rectangul ar portion adjacent to the gap and a
substanti‘al | y "t rapezoi dal portion adj acent to the rectangul ar portion

can be defined in 30 either or both of the pole ti

m ze

under shoots that result in the readback waveforns f PLACE&HWWTéHéE? eads.
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recording head pole tip geometries (the first pole
greater than, equal to, and less than the second pole),
the ill effects of transverse field components upon
recording will be described. Upon this graph is
superimposed the projection of a magnetic head having two
equal width poles, P1 and P2, where adjacent portions of
the P1 and P2 pole tips are shown defining gap g. In
Fig. 2, distance along the track is shown in an arbitrary
scale on the X-axis, while location of a transition
relative to location of the gap is also shown in an
arbitrary scale on the Y-axis. Furthermore, for each
pole tip geometry, only the contour along which the
effective in-plane head field equals the coercivity of
the medium is shown, which is the active recording region
of the head during the write cycle. Also shown is an
arrow A which indicates the direction of medium movement,
and a center line indication on the right hand vertical
axis which signifies that only one half of the transition
and the recording head are shown in this figure.

~ When the width of the P2 pole at the air bearing
surface is equal to or less than that of P11, the
magnitude of the transverse components of the head field
are about the same as or are larger than that of the
10n§itudina1 components at the fringe zones. Hence, the
vectorial sum of these components at the fringe zones
will be at the level of the recording medium coercivity
further downstream than at the center of the poles.
Therefore, the recorded transition will be imparted with
hocks at the fringe zones which will interact with the
previously recorded bit, causing nonlinear inter-symbol
interference at high bit densities. These hooks can be
about 1.5 micron wide on either side of the pole edges
and can penetrate about 0.3 microns downstream, depending
upon the field produced by the head. As the write
current through the head is increaéed, the head field
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influencing the medium increases proportionately and the
hooks become more prominent. Therefore, at high bit
densities, this nonlinear interference between closely
recorded bits causes a reduction of readback amplitude as
the write current is increased, a phenomenon which we
define as "peakiness."

It will be appreciated that the transverse
component of the head field has an asymmetrical
distribution along the direction of media motion. Thus,
if the transverse head field along one pole is considered-
as being positive, then the transverse head field along
the other pole will be negative. By the principle of
reciprocity, it can be shown that the resulting
transverse readback waveform is also asymmetrical. This
transverse readback waveform is of opposite sign to the
longitudinal readback waveform during the leading portion
12 of the central pulse 10 of Fig. 1; it is of the same
sign as the longitudinal readback waveform during the
trailing portion 14 of Fig. 1. This is a result of the
transverse head field during readback near pole Pl being
in a direction opposite to the direction of the
transverse orientation of the medium magnetization which
has been determined during writing by pole P2. Hence,
the leading position's "20%3-90%" rise time of the
resulting readback pulse is reduced, vwhile the trailing
portion's "90%-to-20%" fall time is increased, because of
the asymietry in the transverse coﬁponent of the readback
waveform. _

When the width of the P2 pole at the air bearing
surface is equal to or less than that of P1l, the vertical
component of the head field is typically about two times
the coercivity in the recording zone and the resultant
head field is about 60° ocut-of-plane. When the head
field is greater than about 45° or S0° out-of-plane, then

the in-plane switching field of high coercivity media is



.1.. . Anethod for forming a thin filmhead that conprises at |east two
‘pol e’ st'ructures separated by a gap section, the steps conpr|3|ng 5
(a) di sposing a levelling material (40) adjacent

over an upper surface (32) of a tip (Pl) of a first] nEpseteMBet @HEET

str €t ures; (b) form ng a planarizing |ay (g% aﬂgicen
said~tip (P1l) of said first of pole structurismméﬁiﬁL""% .......... el
material (40), by hard baking the levelling

thermal flow of that the portion 10~ @4 of the levelling materi al (40)
that is disposed_partially over said $g) surface g32) such that the
pl anari zi ngefuged. (Phsqar FREYLE, (FRe oloRgtidinal dimensioh of the

recorded transition is increased which leads to wider
pulse widths and lower high frequency amplitudes. Again,
as the write current though the head is increased, the
5 vertical field increases, thus'causing further
degradation of high frequency readback amplitude, i.e.,
an increase in peakiness.
When the P2 pole is wider than the P1 pole, such
as by a few microns, the transverse fields at the fringe
10 zones are reduced, perhaps by-35% in magnitude compared
to the above configurations, and also the non-parallel
contours of the longitudinal component of the head field
become parallel to the gap at the fringe zone. This
favorable field distribution eliminates the hooks in the
15 <transition, since thé transition is now essentially
parallel to the gap at all points. A straight transition
prevents the nonlinear interference of the current
transition with the previous one during the writlng -
cycle; also reducing peakiness. - '
20 Such a conflguratlon of poles substantlally reduces
asymmetry in the resulting readback waveforms by
substantially reducing the transverse component during
recording when the cross-section of pole P2 is wider than
that of P1i. Hence, the readback wavefornm is symmetrical
25 and the magnitudes of the rise and fall times become
nearly identical. This symmetry will result in a
reduction of peak shift varlabllity. '
.Such a conflguratlon of poles also reduces the vertical
field at the recording zone such that the resultant head
30 field is less than 50° out-of-plane. As a result, high
coercivity media do not suffer any degradation in the
magnitude of their in-plane switching field. Therefore,
the high ﬁreqﬁency'readback amélitude remains almost
_ constant with an increase in write current, thus
35 minimizing peakiness. -

“ -
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area (45) conprising an upper surface (32) of the tip (P1) of the first of

the pole structures and an upper surface of the planarizing |ayer

(c) form ng the gap section (g) upon the uniformplanar area 15
(d) formng atip (P2) of a second of.the pol e .structures

and
upon the

t he ggpp of formng a planarizing 20 | ayer (P
itionally lapping the |evelling

of a

10

15

20

25

30

35

gap section (g). 2. Th
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Turning now to Fig. 3, which is a cross-sectional
schematic view of the pole tips of a preferred recording
head 20 of the present invention, it will be appreciated
that a geometry is shown where the tip of pole P2 is
wider than that of Pl near the gap. In particular, poles
Pl and P2 define a gap g, where the widthw?,of the P2
pole at the gap is preferably one or more microns wider
than the width Wlo of the P1 pole at the gap. The
additional width of pole P2 over pole Pl at the gap
ensures that the transverse eomponent of the head field
at the recording zone is minimized. Hence, the medium is
essentiaily magnetized in the longitudinal direction.

The write fringing of such a head design is approximately
0.25 microns smaller than that which occurs from a head
where the Pl pole is wider than the P2 pole at the gap.
We speculate that, for a given track pitch, the width of
the P2 pole can be increased slightly, which produces a
larger readback signal, thus 1mproving the signal-to-
noise ratio of the recording system.'

In an alternative configuration of the present
invention, a third pole piece P3 may be formed as part of
head 20, embedded within the gap layer g. This third
head is indicated by the dotted outline within gap layer
g as shown in Fig. 3. The third pole piece at its tip is
preferably configured to be both thin, less wide than
pole P2, and magneéically saturable. It will be
appreciated by those skilled in the art that this
saturation property can be selectively used by applying
appropriate energization to the coil structure at the
yoke, whereby the third pole is effectively inoperative
during the write cycle. During the read cycle, the third
pole is not saturated and effectively dominates reading
such thaé a sharp transition waveform will result.

In known processes for making thin £ilm heads, an
lnsulating base layer of, for example Al,04, is deposited

(P);

(45);

wher ei n
REPLA@ImENhSHEEWt er step



naterﬂalr(40) to assist in formation of said uniformplanar area (45).
3. The nmethod of claiml1l or claim2 wherein said tip (P2) of said
second of .said_pole structures is equal in width to, or wider than said tip

25 (P1l) of said first of said pole structures. 4. The met hod of
claim3 wherein the levelling material is conprised of _photoresist.
REPLACEMENT SHEET
_ 0 2 SEP 1997
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on a ceramic substrate, such as 3M's ALSIMAG 204. A
sputtered seed layer, such as NiFe, is applied over this
insulating base layer (perhaps employing a metallic
adhesion layer). Photoresist is then spun over the seed
5 layer and a pole piece pattern is formed buy a
photolithographic process. After the resist is developed
to form a mask, the first pole piece is plated through
the mask. After this plating process is conpleted
(including removing the mask, etching to exposed
10 underlying seed and adhesion layers, remasking the first
pole piece, and then etching the plated areas of the
pole), a gap layer, such as sio2 or Al20jy, is deposited
thereon. However, this gap layer does not always
adequately cover the Pl pole corners Cl1 and €2 defined by
15 where the Pl pcle top surface 32 meets the side walls 28
: and 30, due to the abrupt change in topography at these
sidewalls. :

In the next steps, a coil structure is formed over
the yoke with intermediate layers of insulation, and the

20 second pole piEEe is formed over this coil structure and
the gap lafer. During these steps, a considerable
thinning of the gap layer occurs, and it can become
completely depleted at corners Cl and C2. During plating
of the second pole piece, the width of the second pole at

25 its tip is customarily plated to be narrower than the

- width of the first pole at its tip, in order to allow for
microlithographic misalignment tolerances and perhaps
also to avoid magnetic shorts eccurring between the two
poles at junctures Cl and C2 where the gap layer has

30 thinned. ’

In practice of the present invention, the step at
which the gap layer is deposited onto the P1 pole piece
is preceded with a planarization process. This
planarization involves forming a layer of non-magnetic

35 material adjacent to the P1 pole on either side such that
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there is a uniform base on which the gap layer will be
deposited. Hence, as shown in Fig. 3, the planarization

—layer assumes the same upper plane P as does the upper

surface of pole P1.

A misaligned’ P2 pole can hang over the edge of P1
pole, which can result in head pulse asymmetry and peak
shift, in addition to increasing the likelihood of pole
to pole shorting at the corners c1; C2 of the P1 pole.
With a planarized P1 pole, such misalignment will not
produce these negative effects, and in addition, present
alignment/registration tolerances are relieved. As a
result, in addition to the traditional P2 width less than
P1 width eonfiguration, it is now possible to
conveniently produce magnetic heads where the P2 width is
equal to or greater than the P1 width.

An additional benefit of planarization is that it

.improves uniformity of the gap layer atop_pole Pl because

of a more consistent angle of incidence of the pole
surface with :especf to the deposition stream. Hence,
planarization should result in greater uniformity of gap
layer coverage of the Pl pole especially at the pole tip
edges. Also, erosion problems associated with
topography, and changes in topography, are reduced or
ellminated sxnce the erosion rate over a planar surface
tends to be uniform, while the erosion rate at step edges
tends to be accelerated.

Planarization also reduces lithographic complexity

in the pole tip region. 1In practice of the present

invention, it is therefore possible to present a plateau,
rather than a valley/mesa combination with step edges,
upon which subsequent structures can be
deposited/exposed/developed. This improves critical
dlmension -control by eliminating stray reflections off
the step edges and allows generation of more vertically
walled P2 poles.



-5 .. The nethod of claim3 wherein the planarizing |ayer is conprised

Jof "pol yi m de. 6. The nmethod of claim5 wherein step (a) conprises
coating the 5 workpiece on which said first of said pole struetures (P1)
rests and the upper surface (32) of the fIrSt of Sald pol e_structures
(Fﬂ)ﬁvﬁth sai d pol yi m de, patterning sai g=petFF Fr—Ct 4§ ng said
pol yim de.
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As a result of the planarlzation layer, the gap
layer assumes a uniform thickness over the entire P1 top
surface, and if thinning occurs it does so uniformly over
the entire gap layer during the successive steps of the

5 process described above. The width of the second pole
piece P2 then becomes independent of the width of pole
Pl, where the planarized gap layer is at least as wide as
the overlaid P2 pole. Hence, when pole piece P2 is
plated to be wider than or approximately equal to pole

10 piece P1, no magnetic shorting occurs at the gap.

' A preferred embodiment of the photoplanarization
process is described with respect of FIGS. 4A-4D. 1In
FIG. 4A, a Pl pole is shown on an insulating layer 48
upon a wafer 39 in practice of conventional process

15 technology. In FIG. 4B, a positive photoresist (e.g.
AZ1375) is spun on top of workpiece 39 of FIG. 4A, for
example, at approximately 4,000 rpm in the case of a 3.0
micron thick P1 pole. The resist viscosity and spin
speed affect the spun film thickness,” and should be

20 adjusted accord;ng-€6 pole thickness t. Photoresist 40
will settle on and over the Pl pole and will assume
approximately the configuration (in cross-section) as
shown in FIG. 4B.

In the next étep, photoresist 40 is pattern-wise

25 exposed and developed as is well known to those practiced
in microlithography using a photoresist border pattern
mask 38 (shown in dotted outline in FIG. 4C). By virtue
of this process, a resist border 42 is retained around
the P1 pole, or at least at the pole tip region, after

30 exposure and development. Border 42 overlaps the P1 pole
in the ‘track “width direction W, ultimately to insure a
smooth transition from the pole top surface 32 to the
planarized plateau'P_after further processing. 2as a
result of the slight overlap of border 42, a raised

35 portion of photoresist 40 will remain on top of pole P1



7. . The.nmethod of claim4 wherein step (a) conprises coating the 10
wor kpi ece on which said first of said pole structures (Pl) rests and the
upper surface (32) of the first of said pole structures (Pl1) with said
photoresist, patterning said photoresist with a resist border mask (38) to
result in a photoresist border (42) remaining over
t he upper surface (32) of the first magnetic pole {IﬁEﬁLAGEmgmﬁs(Ei}
15 exposure and devel opnment of the photoresist (40). 02 SEP 1997
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after developlng, as indicated in Fig. 4C by the slight
shoulders 44 overriding the corners Cl and C2 of pole P1l.
Preferably each resist shoulder will overlap pole Pl by
approximately one-quarter to one-half micron.

5. Photoresist 40 remaining on workpiece 39 is hard-
baked thereafter. In this process, the resist will
undergo thermal flow and cross-linking, and shoulders 44
atop the Pl pecle corners C1, €2 will thin out by means of
surface tension in the polymer as it passes the glass

10 transition point. The result is a rather smooth-
surfaced, chemically resistant plateau P. This plateau
P, acting in concert with the top surface 32 of pole P1,
yields substantially flat areas 45 and terminates with
smoothly downward sloped outer walls 46 which merge with

15 insulating base layer 48, as seen in FIG. 4D. (This
provides a substantially flat workplece, however, a
slight. elevation may be experienced at the point where
the photoresist meets flat area 45.) This structure is
suitable for fﬁ;ther processing, such as gap layer

20 deposition and plating of pole P2 (less than, egual to or
wider than pole Pl). In alternative embodiments,
however, it may be desirable to lap the planarized
surface P before further processing.

Hard-baking of photoresist 40 is preferably

25 performed at 265°C, under vacuum with 10 cubic feet per
hour nitrogen backfill. A magnetic field may also be
applied during this process to effect desired anisotropic
magnetic pole performance characteristics. _

Referring again to the spun on photoresist, it is

30 noted that too low a spin speed will result in minor
smooth hard-baked photoresist "ears" at the edges of the
P1 pole. This will provide 'a slightly thicker gap
locally. Too high a spin speed will have less of an
efféct, but will result in sloping down of the entire

35 planarized surface as it extends away from pole Pl and



8. * The method of claim7 wherein the bor der mask (38) has inner
~di ensi‘ons that are slightly smaller than di nensions of the upper surface
(32) of the first nagnetic pole tip structure (P1l_ 20 . . The

met hod of claim5 wherein the photoresist border SHEcﬁ
shoyfl"der (44) over edges of the upper surface (32 %ﬁ% 2 ?j tic
a

pol e~tip structure (Pl). 25 10. The met hod of.
phot or esi st (40) is hard-baked

will result in a sloping down of pole P2 formed
thereover. _ :

Alternative process steps may be followed in
practice of the above photoplanarization invention. For

S example, polyimide has advantages over hard-baked

photoresist in that it is less brittle, mechanically
strong and highly chemically resistant.
These properties are advantageous for a material which in
the pole tip region would be submitted to mechanical

10 processing and solvent cleaning. The disadvantages of
polyimide, however, are that the material does not round
the flow as well as photoresist, and additional process
steps and final cure temperatures greater than 350° are
required to fully imidize the polymer. This latter

15 constraint may be mitigated by curing in an orienting
magnetic field. ]

In one alternative process, a polyimide coating of
a thickness equal to or slightly greater than the P1 pole
'piece thickness is spun onto the wafer and is partielly

20 cured. Positive resist is then spun onto the wafer and
patterned using a mask similar to that described above.
The polyimide is then patterned (in the partially cured
state) via the positive resist using a hydroxide-based
developer.

25 The wafer is then polished. For example, it can
be inverted on a one-half micron (or less) grit, mylar
mounted, fixed particle abrasive polishing media, and
then the wafer is slightly pulled across the polishing
media to remove excess resist from the top surface of the

30 pole piece. A ‘low amount of force is required to remove
the soft-baked resist. Surface scratching should be
avoided by using low polishing forces in low grit size,
although-the actual process may include a rough polish
followed by polishing steps using increasingly finer grit

35. size.



‘at.”a, tenperature of approximtely 265 C. 11. The nethod of claimb5
wherein the polyimde (40) is hard-baked at a tenperature of
approximately 350[err] C 30

REPLACEMENT SHEET
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In the next step, the ﬁolyimide is fully cured at
350°C.
In the processes described above, any.positive
acting photoresist may be used, such as AZz-1375, diazide
5 sensitizer, phenolic resin, etc. The resist used will
depend upon the pole thickness to be planarized. Resists
are available in different viscosity ranges, which will
affect coating thickness. The spin coating speed will
also depend upon resist type and desired thickness. In
10 our experience, we have found that coating thickness
resulting on the wafer should be approximately 20% to 30%
greater than the pole thickness being planarized in order
to allow for volume shrinkage which will occur from hard
baking. Also, after spin coating, a soft bake at 90°C
15 for 30 minutes is preferably performed to drive off
resist coating solvents, which is a standard process
procedure. , .
As a result of the foregoing, conventional thin
£film head fabrication may be modified to provide an
20 inexpensive, quick and high yield process for generation
of magnetic thin film heads not otherwise practically
possible heretofore. Thus, new configurations of the P2
pole equal to and wider than the Pl pole can be
conveniently achieved.
25 The configuration of the pole tips in practice of
the present invention can be of any desired combination.
For example, a substantially rectangular portion adjacent
to the gap and a substantially trapezoidal portion
adjacent to the rectangular portion can be defined in
30 either or both of the pole tips, in order to minimize
undershoots that result in the readback waveforms from
thin £ilm heads. '



‘16 . -12. The nethod of claim 10 or claim 11l wherein the step of baking

the ° | evelling material (40) is perforned in presence of a vacuumw th a
nitrogen backfiTT and in presence of a magnetic field.
RN O 00 0 ” ryryem—
' CLA!M’S DateﬂzSEplggr .......
1. A method for forming a thin film head that comprises at least two

pole structures separated by a gap section, the steps comprising:

5 (a) disposing a levelling material (40) adjacent to and partially
over an upper surface (32) of a tip (P1) of a first of said pole structures;
(b) forming a planarizing layer (P) adjacent to said tip (P1) of
said first of pole structures, from the levelling material (40), by hard
baking the levelling material (40) to cause thermal flow of that the portion
10  (44) of the levelling material (40) that is disposed partially over said upper
surface (32) such that the planarizing layer (P) defines a uniform planar
area (45) comprising an upper surface (32) of the tip (P1) of the first of

the pole structures and an upper surface of the planarizing layer (P);

(c) forming the gap section (g) upon the uniform planar area

15 (45); and
(d) forming a tip (P2) of a second of the pole structures upon the
gap section (g). B

2.  The method of claim 1 wherein the stép of forming a planarizing
20 layer (P) includes the further step of additionally lapping the levelling

material (40) to assist in formation of said uniform planar area (45).

3.  The method of claim 1 or claim 2 wherein said tip (P2) of said
second of said pole structures is equal in width to, or wider than said tip
25  (P1) of said first of said pole structures.

4.  The method of claim 3 wherein the levelling material is comprised

of photoresist.



5.,'13-.Mm6 or claim7 wherein the step of patterning

the ‘\‘ results in the |levelling rraterlal (40)
over | appi E‘B ““m C2) of the upper surface—32—et ST
magneti c cip strutture (P1) by approxi mat E=I3¢ERLMEME*T[$1%C&50

one-half m cron. ' 15 UZSI:P‘IQQT ;

"5, The method of cla1m 3 wherem the planarizing layer is comprised

of polyimide.

6. The method of claim 5 wherein step (a) comprises coating the
5  workpiece on which said first of said pole structures (P1) rests and the

upper surface (32) of the first of said pole structures (P1) with said

polyimide, patterning said polyimide and baking said polyirtﬁde.

7. The method of claim 4 wherein step (a) comprises coating the
10 workpiéce on which said first of said pole structures (P1) rests and the
upper surface (32) of the first of said pole structures (P1) with said
photoresist, patterning said photoresist with a resist border mask (38) to
result in a photoresist border (42) remaining over a portion (Cl, C2) of
the upper surface (32) of the first magnetic pole tip structure (P1) after
15  exposure and development of the photoresist (40).
8. The method of claim 7. wherein the border mask (38) has inner
dimensions that are slightly smaller than dimensions of the upper surface
. (32) of the first magnetic pole tip structure (P1).
20
/9.  The method of claim 5 wherein the photoresist border (42) forms
a shoulder (44) over edges of the upper surface (32) of the first magnetic
pole tip structure (P1).

25 10. The method of claim 4 wherein the photoresist (40) is hard-baked
at a temperature of approximately 265° C.

11, - The method of claim 5 wherein the polyimide (40) is hard-baked at
a temperature of approximately 350° C.
30
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12..  The method of claim100or claim_i1 wherein the step of baking the
levelling material (40) is performed in presence of a vacuum with a

nitrogen backfill and in presence of a magnetic field.

5 3. A method of claim 6 or claim7 iwherein the step of patterning the
levelling material results in the levelling material (40) overlapping edges
(C1,C2) of the upper surface (32) of the first magnetic pole tip structure
(P1) by approximately one-quarter to one-half micron.
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RECORDING HEAD TO OPTIMIZE HIGH DENSITY RECORDING

Abstract

Recording head to optimize high density recording
by reduction of hooks cn ends of transitions, the
recording head having at least two poles with a gap
section inbetween and configured with the second pole and
gap section baing greater in width than the first pole.
Transversa field components are reducsd at the head
fringes and the transition becomes substantially parallel
to gap. The vertical components of the head field are
also minimized. Method for producing head with narrow .
first pole includes planarization of first pole area to
recaive wider gap layer and wider second pole.

Figures2 &3
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