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The present invention relates to a transducer having shaped poles for thin-film magnetic

heads. More particularly, it relates to shaped magnetic poles which reduce undershoot in
the information retrieval signal. _

In magnetic recording devices, thin-film magnetic heads retrieve ("read") and store
("write") information to magnetic media by magnsto-resistively or inductively sensing
the magnetization of and creating respectively, localized magnetic domains in the media.

When reading information from a magnetic medium, 2 thin-film head's interface surface

moves over the medium at a short distance from the medium so that magnetic flux from
the localized domains enters permeable material pole tips in the interface surface. This
flux extends over a selected permeable material path from the surface of the pole tips at
the interface surface to an electromagnetic transducer which converts the magnetic flux
in the path into an electric read current. The electric read current is used by the
recording device in. which the head is mounted to create an electric read signal.

As the thin-film head approaches a new magnetic domain, flux from that domain extends
through the leading edge of the closer of the two pole tips, creating a small magnitude
pulse in the read signél. When the thin-film head crosses fully over the new domain,
flux from that domain exiends through both pole tips and over the permeable material
path producing a large magnitude pulse in the read signal of opposite polarity to that of
the first pulse. As the magnetic head exits the domain, a small amount of flux from that
domain extends through the trailing edge of the last pole tip and creates a small
magnitude pulse in the read signal of the same polarity as the first small pulse.
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the magnetlzatlon o% and creatlng respectively, localized nmagnetic domai ns’
i'n the media. Wien reading information from,a magnetic medium a thin-film
héad's interface surface moves over the medPum at a short distance from the
medi um so that magnetic flux fromthe | ocalized donmains enters perneabl e
material pole tips in the interface surface. This flux extends over a
sel ected perneable nmaterial path fromthe surface of the pole tips at the
interface surface to an el ectronmagnetic transducer which converts the
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crieate an el ect rgver th8@dmain%iddis the primary pulse in the read signal. The series of primary pulses
oy : ' mthereadagnalproducedbythethm—ﬁlmheadasﬁmovesovetthesenesofmgneﬁc
; domains in the medium is translated into binary data by decoding circuitry in the
' magnetic recording device. Ideally, the primary pulses obtained from each domain are
; large in magnitude so that they are easily detected by the decoding circuitry and narrow
in width, i.e. short in time with respect to the domain crossing time, so that they do not
- interfere with one another. The two smaller pulses on either side of the primary pulse in
i time are termed "undershoots”. Undershoots in the read signal are undesirable because
they may overlap in time, i.e, "interfere”, with primary pulses created by other magnetic
domains. This interference, known as intersymbol interference, indirectly reduces the
lineal density of the domains in the magnetic media because the linearly sequential
domains must be positioned far enough apart so that undershoots from one domain do
not interfere with the primary pulse of another domain in such a way that the primary

pulses become undetectable.

The magnitude of undershoots in the read signal is affected by the geometry of the pole

1 tips and specifically by the location and position of the edges of the pole tips, To

. remove undershoots, several methods have been developed which change the location
and position of these edges. These methods mill away the edges of existing pole tips to
credte new pole tip shapes. Examples of these new pole tip shapes can be found in

q Ramaswamy, RECORDING HEAD TO MINIMIZE UNDERSHOOTS IN READBACK

PULSES, U.S. Patent No. 4,970,616, Issued Nov. 13, 1990; Howell, T.D. etal.

"Advanced Read Channels for Magnetic Disk Drives", IEEE Transactions on Magnetics,

vol,30, no. 6 (November 1994), pp. 3807-3812; and Yoshida, M. "Edge Eliminated

Head", IEEE Transactions on Magnetics, vol. 29, no.6 (November 1993), pp. 3837-
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As the h?ﬁt¥??nfﬂg§d apprd%gﬁégRa %%m/nagnetic domai n, fltx fromthat
dormai n extends through the | eading edge of the closer of the two pole tips,
creating a small rmagnitude pulse in the reé&'éignal. When the thin-film
head crosses fully over the new domain, flux fromthat domain extends
t hrough both pole tips and over the perneable material path producing a
| ar ge magni tude pulse in the read signal of opposite polarity to that of
the first pulse. As the magnetic head exits the donmain, a snmall anount of
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poj arity as the fg Edples, SHEpble Bp/shipes found in these references have manufacturing or
performance characteristics which make them less than optimum for reducing
undershoots in the read signal,

The present invention is a thin-film head electromagnetic transducer which has a pair of
. _ pole tips that define a gap between them. The surface of at least one of these pole tips
' has a linear edge that defines one side of the gap and two other linear edges which are
identical to each other and which are symmetric about and abut at an axis perpendicular
to the gap-defining linear edge. The pole tips receive magnetic flux from magnetic fields
stored on a medium and direct the magnetic flux along a path to an area of the thin-film
head where it is transduced into an electrical signal. ,

: The pole tips of the present invention reduce the magnitude of leading and trailing

| undershoots by eliminating leading and trailing edges of the pole tips which are
perpendicular to the direction the head travels over the medinm or paraliel to the pap-
defining edges of the pole tips. In addition, because the present invention's pole tips

- have a symmetrical shape, the invention minimizes undershoot vaﬁaﬁons-caused by
variations in the skew angle of the thin-film head. This means that the present invention
maximizes the reduction of the magnitude of undershoots at all locations over the
medinm.

Int preferred embodiments, the pole tips are shaped after the thin-film head has been cut
into rows and cut away from & wafer containing a number of thin-film heads. The pole
tips are shaped by masking a pattern over the pole tips’ surfaces and removing head
material around the mask. The shapes of the mask are chosen so that errors in aligning
the mask with the pole tips do not result in narrower read gaps after the material outside

of the mask is removed.
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fakes the head to cross over the donamin and is the prinmary pulse in the

- read signal. The series of prinmary puIsesi??The read signal produced- by
the thin-filmhead as it noves over the series of magnetic domains in the
mediumis translated into binary data by decoding circuitry in the

Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:

Figure 1 is a portion of a wafer of partiaily constructed thin-film heads;

Figure 2 is a cross-sectional side view of an inductive partially constructed thin-film head
broken off the wafer of Figure 1;

- Figure 3A is an isometric view of the working surface of the partially constructed thin-

film head of Figure 2;

Figure 3B is an isometric view of the partially constructed thin-film head with a film of
photoresist applied to the working surface;

Figure 3C is an isometric view of the partially constructed thin-film head with portions
of the photoresist removed;

Figure 3D is an isometric view of the partially constructed thin-film head after unmasked
material has been removed;

Figure 3E is an isometric view of the partially constructed thin-film head after
photoresist on the masked portions has been removed; |
Figure 4 is a graph of read signals from a prior art head and a patterned pole head of the
present invention;

Figure 5 is a top view of the patterned poles of Figure 3E;

Figure 6 is a top view of a second embodiment of the patterned poles of the present
invention; |

Figure 7 is a third embodiment of the patterned poles of the present invention; and
Figure 8 is a top view of a thin-film head of the present invention positioned over a
magnetic disc.
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ghet % “Trué'_cc??dl ng G “gevice. T HeaF‘f y,cc{ he primary pul ses obtained from each
dqmai n are large in magnitude so that they are easily detected by the
decoding circuitry and narrow in width, i.e. short in tinme with respect to
the donmain crossing time, so that they do not interfere with one another.
The two smaller pulses on either side of the primary pulse in tinme are
termed "undershoots”. Undershoots in the read signal ‘are undesirable
because they may overlap in tinme, i.e. "interfere", with prinmary pul ses
created by other magnetic domains. This interference, known as intersynbol
I nterference, ts | engl 1.y: | kN the
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inductive thin-film heads 22 formed through appropriate material depositions and

etchings on a substrate 24 in a well known mamner. To avmdobscmngﬂxevxewofﬂle

; remainder of the heads, Figure 1 does not show a final insulation layer which lies over
the top of thin-film heads 22 , Thin-film heads 22 are constructed in rows and are cut
| _ from wafer 20 along cut lines 26 which intersect top pole tips 28 and bottom pole tips 30
: (not shown).
Figure 2 is a cross-sectional side view of an inductive thin-film head 22 broken away '
; from wafer 20, Working surface 31 shown on the right side of thin-film inductive head
] 22, is the surface produced by cut lines 26 of Figure 1, Thin-film head 22 is constructed
in wafer 20 by depositing and etching layers of material onto substrate 24. In general, a
-; bottom insulating layer 33 of nonmagnetic material such as AlpOg is first deposited on
1 substrate 24. A bottom core leg 34 forming a bottom pole tip 30 near working surface
' 31 is deposited on top of bottom insulating layer 33. A top core leg 37 is formed above
bottom core leg 34 and forms top pole tip 28 near working surface 31. The two core legs-
are typically constructed out of a nickel-iron alloy chosen for its magnetic properties.
Between top core leg 37 and bottom core leg 34 is an insulating material 41 which
houses conductive coils 43 and 45. Top pole tip 28 and bottom pole tip 30 form a gap
K 36 between them which is typically filled with 2 nonmagnetic material such as AlyO3.
Above top core leg 37 is top insulating layer 53 which is also preferably Al9O3. Cut
line 26 cuts through top insulating layer 53, top pole tip 28, gap 36, bottom pole tip 30
and bottom insulating layer 33 to form working surface 31 which is perpendicular to the
plane of substrate 24.
Figure 3A is an isometric view of working surface 31 for one partially constructed thin-
film head created by cutting wafer 20 along cut lines 26. Cut line 26 exposes working
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domain&TARTFBR 56T ti oned FBM-Eh3UGh apart so that under ZHE6TZ2Fr om one
d main do not interfere with the primary pul se of another domain in such a

dy that the primary pul ses beconme undet ectable. The nagnitude of
undershoots in the read signal is affected-lBy the geonetry of the pole tips
and specifically by the location and position of the edges of the pole
tihps. To renpbve undershoots, several nethods have been devel oped which
change the |ocation and position of these edges. These nethods m || away
t he edges of existing pole tips to create new pole tip shapes. Exanples of
these new pole tip shapes can be found in
. surface 31 which includes top insulating layer 53 bottom insulating layer 33, gap 36 and

the surfaces of top pole tip 28 and bottom pole tip 30. Top insufating layer 53 and
| bottom insulating layer 33 form a surrounding material 32 which is an integral unit of
insulating material that surrounds the pole tips. The remainder of the pole tips which are
Mﬁmwsmﬂ¥e3lamiwhkhpnwkk;mnofﬂw;nnmwbhrmuuﬁﬂpmhtoﬂw
| damwnmmﬁﬁcummmxzrmeﬂmmminmmMﬂIMwﬁxmjnIﬁmme&A.Tmedqmdﬁmu
and etchings done in forming wafer 20 created the trapezoidal cross-sectional shape of
O top pole tip 28 and bottom pole tip 30. Top pole tip 28 has leading edge 38 and gap-
defining edge 40 and bottom pole tip 30 has gap-defining edge 42 and trailing edge 44.
A These edges are generally paraliel to each other and when the head is placed in a
magnetic recording device, these edges are generally perpendicular to the head's
. direction of movement over the magnetic medium. The head is positioned in the
| recording device so that leading edge 38 crosses over the magnetic medium ahead of gap
| 36 and trailing edge 44. |
In heads without reshaped pole tips, leading edge 38 and trailing edge 44 are responsible
for a Jarge amount of the undershoot found in the read signal. Just before gap 36 passes
J aver a domain, flux from the domain extends through leading edge 38 creating a leading
i undershoot. Just after gap 36 passes out of the domain, flux from the domain extends
|- through trailing edge 44 creating a trailing undershoot. The amount of flux that extends
through the edges at a given time is dependent upon the degree to which the pole tip
edges are perpendicular to the head's direction of travel over the magnetic medivm, the
L degree to which the pole tip edges are parallel to the gap-defining edges and the distance
| from the pole tip edges 1o the surface of the magnetic medium, As discussed below, the
present invention replaces leading edge 38 and trailing edge 44 with a leading and
1 trailing edge that are further from the surface of the medium and with tapered edges
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Patent No. 4,970,616, |ssued Nov. 13, 1990; Howell, T.D. et al. "Advanced
Read Channel s for Magnetic Disk Drives", | EE® Transactions on Magneti cs,
vol . 30, no. 6 (Novenber 1994), pp. 3807-3812; and Yoshida, M "Edge

El i m nated Head", |EEE Transactions on Magnetics, vol. 29, no.6 (Novenber
1993), pp. 3837-

which give rise to less flux change per unit time than do leading edge 38 and trailing
edge 44. _ .

The pole tip shaping process begins by using a well known process to deposit a thin film
of photoresist 46 over the entirety of working surface 31, as shown in Figure 3B.

Photoresist 46 can be one of many well known materials sensitive to electromagnetic

. radiation of certain wavelengths whose bonding characteristics change when exposed to
: . such radiation. Photoresist 46 is exposed to a pattem of such radiation by passing the

| radiation through a photomask which spatiaily filters the radiation, allowing radiation to
impinge only certain areas of photoresist 46. Those selected portions of photoresist 46
impinged upon by the radiation arc aitered with respect to those portions which are not
impinged upon. This alteration results in areas on working surface 31 where photoresist
46 is tightly bound to the surface and areas where photoresist 46 is lightly bound to the
1 surface. Additional well known processing steps remove the lightly bound resist and
: harden the tightly bound resist, forming a pattern of hardened resist. Such a pattem is

shown in Figure 3C where a photoresist border frame 48 and a photoresist pole tip mask

; 50 are the only portions of photoresist 46 left after the photoresist is devéloped.

i The pole tip reshaping process continues with the removal of head material near working
. surface 31 ot covered by border frame 48 or pole tip mask 50. This material may be
removed to a selected depth through chemical etching or jon milling, both well known
methods for removing material from thin-film heads. As shown in Figure 3D, the
remaoval of this material creates a depression 52 which is preferably .05 to .5 um, deep.
Between depression 52 and border frame 48 and pole tip mask 50 are canted walls 54,
Canted walls 54 are a result of limitations in the material removal process.

When the material removal process is completed, photoresist 46 is removed from the
masked areas through a mechanical process which fractures the brittle photoresist causing
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Io ation and position of the pole tip edges, the pole tip shapes found in
t h¢se references have manufacturing or performance characteristics which
make them | ess than optimum for reduci ng und&rshoots in the read signal.

The present

invention is a thin-filmhead el ectromagneti c transducer which

has a pair of pole tips that define a gap between them The surface of at
| east one of these pole tips

m—— e
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it to release from the surface beneath it. Once border frame 48 and pole tip mask 50 are
removed, the process of patterning the pole tips is complete. - An isometric view of the
completed interface surface with reshaped pole tips of one preferred embodiment is
shown in Figure 3E,

In Figure 3E, the material removal process used to form the interface surface has left a.
raised border 64, a raised inner surface 66 and depression 52. It has also removed
leading edge 38 and trailing odge 44 leaving depressed leading edge 68 and depressed
trailing edge 70 which are some distance, typically .05 to .5 um., from the plane of
raised inner surface 66. By replacing leading edge 38 and trailing edge 44 with
depressed leading edge 68 and depressed trailing edge 70, the present invention increases
the distance between these edges and the magnetic medinm, reducing the amount of flux
arising at these edges and thus reducing the amount of undershoot produced by these
edges.

In addition, the present invention produces tapered edges 56, 58, 60, and 62 which are
not perpendiqular to the thin-film head's direction of travel over the medium and are not
parallel to g%p—deﬂning edges 40 and 42. These tapered edges reduce undershoots by
spreading onft over time the flux which extends through these edges. Instead of having &
large amount of flux extending through the leading or trailing edge of the pole tip at one
time, the present invention has small amounts of flux extending through the tapered
edges over a longer time. This spreads out the undershoot making it last longer at a
smaller magnitude,

Figure 4 shows read signals for a thin-film head without reshaped pole tips, such as the
prior art head shown in Figure 3A, and a head of the present invention with resbaped
pole tips, such as the one shown in Figure 3E. The read signals are created by passing
the heads over a magnetic transition between two domains, Non-reshaped head signal 72
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edges which are'identical to each other and which are synnetrlc about and
ahut at an axis. perpendicular to the gap-deBrning |inear edge. The pole
tips receive magnetic flux fromnmagnetic fields stored on a nmedi um and
direct the magnetic flux along a path to an area of the thin-film head
where it is transduced into an electrical signal. The pole tips of the
prlesent invention reduce the magnitude of |eading and trailing undershoots
by elimnating | eading and trailing edges of the pole tIpS whi ch are

pgr pendi cul ar t ds thegeati signal producerl by Weshead mithentsreshoped poletippcand aeshapeddeads | el
tq the gap- signal 74 is the read signal from the head with reshaped pole tips of the present

| invention. Non-reshaped head signal 72 has leading undershoot 76, primary pulse 77
and trailing undershoot 78. Reshaped head signal 74 has leading undershoot 80, primary
i pulse 81 and trailing undershoot 82. Leading undershoot 76 and trailing undershoot 78
| of non-reshaped head signal 72 have a greater magnitude than leading undershoot 80 and

; trailing undershoot 82 of reshaped head signal 74, Leading undershoot 80 and trailing
undershoot 82 also extend closer to primary pulse 81 than leading undershoot 76 and
trailing undershoot 78 extend to primary pulse 77. Thus, the leading and trailing
undershoots from the reshaped poles of the present invention have a smaller magnitude

B but extend further than the undershoots from prior art heads. Since it is the magnitude
of the undershoots which can force reduction of linear data density in magnetic media,
'mcpnmmnhwmﬁbndhmmgﬁnmmﬁmamdmadauhybwramdmgﬂﬁsumgmhﬂ&
¥ | The key features of the patterned poles of the present invention are illustrated in Figure 5
: which is a top view of the patterned poles of Figure 3E. Top tapered edges 56 and 58
form identical top mper.anglec 86 and 88 with depressed leading edge 68. In addition,
top tapered edge 56 is the same length as top tapered edge 58 and the two edpes are
symmetrical about and abut at a line perpendicular to gap-defining edge 40 in the plane
of the figure. The symmetry between these two edges makes the undershoot reduction
: . produced by the tapered edges consistent for all positiouns of the thin-film head over the
| mediuim regardless of the skew angle of the head. Similar symmetry is found between
_i bottom tapered edges 60 and 62. Bottom tapered edges 60 and 62 abut top tapered edges
56 and 58 at 2 point level with the center of gap 36. Ideally, all of the tapered edges

N abut at a point, however, milling unavoidably rounds the corners whete these edges abut.
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defini rﬁj ﬁﬁ"’eg?s 71 Fe pol e {Imu_eal n“hddi ti on, because the present

I nvention's pole tips have a synmetri cal shape the invention mnimzes
under shoot variati ons caused by vari ati ons—RA-t he skew angl e of the
thin-filmhead. This neans that the present invention nmaxim zes the
r.educti on of the magnitude of undershoots at all |ocations over the medium
In preferred enbodi nents, the pole tips are shaped after the thin-film head
has been cut into rows and cut away from a wafer containing a nunber of

thin-filmheads. _The pole tips are shaped by masking a pattern over the
poj e tips' sur f agbasonly; gortionsof the tapered edges which affectm'%ﬂshwtmmemdsimm

| those which are part of top pole tip 28 or bottom pole tip 30. The remaining portions of
i the tapered edges are in surrounding material 32 and have no direct effect on the flux
i entering the pole tips. However, the portions of the tapered edges in surrounding
| material 32 indirectly affect the overall performance of the patterned poles. The tapered
edges in surrounding material 32 are constructed so that unavoidable errors ia the
| positioning of pole tip mask 50 during the patterning of the photoresist will not cause one
- | of the tapered edges to cross into gap-defining edges 40 or 42. Crossing into the gap is
i undesirable because it reduces the gap width and thus causes unpredictable variations in
' the gap width. Thus, in the ideal position, the tapered edges must be far enough away
- from gap defining-edges 40 and 42 to ensure that in extreme position error conditions
none of the tapered edges cross the gap defining edges. In the embodiment shown in
o Figure S, this positioning is achieved by adjusting the taper angles of the tapered edges
so that the tapered edges in the surrounding material are sufficiently far from the gap
'. j defining edges. Specifically, taper angles 86, 88, 90, and 92 are approximately 25 to 30 |
' degrees in this embodiment.
I Figure 6 shows another embodiment of the present invention which is identical to the .
embodiment of Figure 5, except that taper angles 94, 96, 98, and 100 are smaller than
- the taper angles of Figure 5 and thereby make the distance between tapered edges 102,
104, 106, and 108 and gap-defining edges 110 and 112 greater than those distances are

in Figure 5. Specifically, the taper angle in Figure 6 is approximately 15 to 20 degrees
where it was 25 to 30 degrees in Figure 5. In practice, the taper angle may range
between 10 and SO degrees. By moving tapered edges 102, 104, 106 and 108 further
from the gap, this embodiment remains functional even with larger mask positioning

€Irors.
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Figure 7 shows a third embodiment of the present invention which uses a diffarent
technique to ensure that the edges of the interface surface do not cross the gap-defining
cdges. In this embodiment, top tapered edges 114 and 116 do not abut bottom tapered
| edges 118 and 120, Instead, top tapered edges 114 and 116 abut top wing edges 122 and
| 124 respectively and bottom tapered edges 118 and 120 abut bottom wing edges 130 and
132 respectrvely Top wing edges 122 and 124 and bottom wing edges 130 and 132 are
alt parallel 10 gap defining edges 126 and 128. Top wing edge 122 also abuts end wing
edge 134 which abuts bottom wing edge 130. Taken together, these three edges form
| wing 136. Similarly, top wing edge 124, bottom wing edge 132, and end wing edge 138
g form wing 140,
. The pattern shown in Figure 7 is significant for a number of reasons. First, the tapered
', edges are long enough to provide tapered edges over the entire width of both pole tips.
{ By continuing the tapered edges outside of the pole tips, this design ensures that even
i with pole tip mask alignment errors the tapered edges will continue to the outside limits
: of the pole tips. This maximizes the reduction of undershoots by ensuring that top and
bottom wing: edges 122, 124, 130 and 132, which are all parallel to the gap-defining

edges, do not form an edge in the pole tips.

The shape is also significant because wings 136 and 140 permiit a greater taper angle
within the pole tips. Without wings 136 and 140, extreme mask positioning errors
would cause the tapered edges to cross the gap defining edges. However, with the
wings, the edges are far enough away from the gap defining edges that even with
extreme mask positioning errors the edges will not cross the gap defining edges.

Lastly, the shape is significant because it is symmetrical. Top tapered edge 114 is at the
same taper angle and has the same length over top pole tip 28 as top tapered edge 116.
s Although they do not necessarily have the same length or taper angle as the top tapered
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to the acconpanyi ng draw ngs, of which: Figure 1 is a portion of a wafer of
partially constructed thin-filmheads; Figuke=2 is a cross-sectional side
view of an inductive partially constructed thin-film head broken off the
wafer of Figure 1; Figure 3Ais an isonetric view of the working surface of
the partially constructed thin- filmhead of Figure 2; Figure 3B is an
isometric view of the partially constructed thin-filmhead with a film of

- edges, bottom tapered edges 118 and 120 do share the same taper angle and length over
bottom pole tip 30. Because of this symmetry, the thin-film head of Figure 7 reduces
! undershoots consistently at all positions and skew angles over the medium,
Fighre 8 shows the relationship between the reshape_d pole tips of the present invention
i and the skew angle of thin-film head 150. Because thin-film head 150 is mounted on an
o arm that has a different axis than the magnetic disc 151, the head's gap is not always
pc:pcnciicxﬂar to the head's direction of travel. The angle between the perpendicular to
the gap and the head's direction of travel is the skew angle. In Figure 8, thin-film head
150 has two extreme positions over the disc, one at inner track 152 and one at outer
track 154. Over inner track 152, the relative movement of thin-film head 150 is in the
direction of tangent 156 which is tangent to inner track 150 at its center. Likewise, thin-
film head 150's direction of movenient over outer track 154 is in the direction of tangeat
i 158. Perpendicular line 160, which is perpendicular to the gap width, is not aligned

gz with either tangent 156 or tangent 158 when head 150 is over inner track 150 or outer
i track 152 respectively. The angle between perpendicular line 160 and tangent 156 forms
| skew angle 162, anci the angie between perpendicular line 160 and tangent 158 forms
I skew angle 164, Skew angle 162 is considered negative and has a typical value of -20
i degrees. Skew angle 164 is considered positive and has a typical value of +20 degrees.
. | As discussed above, all of the émbodiments of the present invention are symmetric 50
. that undershoot reduction is relatively constant over skew angles from -20 degrees to
r +20 degrees.
In all of the above embodiments of the present invention, the leading and trailing edges
of the prior art pole tips are replaced by leading and trailing edges which are further
from the maguetic medium and by symmetrical tapered edges which are not paratlel to
the pole tips' gﬁp—deﬁning edges nor perpendicular to the head's direction of travel. In
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ot er esi applle to the "WorKing surface Figure 3Cis an isonmetric view

off the partially constructed thin-filmhead with portions of the
photoresi st renoved; Figure 3D is an isoneL§3L view of the partially
cdnstructed thin-filmhead after unmasked material has been renoved; Figure
BE is an isonetric view of the partially constructed thin-film head after
phot oresi st on the nasked portions has been renoved; Figure 4 is a graph of
read signals froma prior art head and a patterned pol e head of the

addition, the patterns used to reshape the pole tips are such that even extreme mask

[ - positioning errors will not result in shorter width gaps. Thus, the present invention

; consistently reduces undershoots over the entire medium by reshaping thin-film head
pole tips without reducing the width of the read gap. '

i m addition, although the present invention changes the shape of the pole tips and creatss

r . a depression in the interface surface, it does not degrade the electrical or mechanical

performance of the thin-film head, The amplitude of the write signal and the ability to

overwrite the patterns of magnetic domains on the medium are not significantly affected

by the pole tip reshaping of the present invention. In addition, for heads which mave

over the medium on an air bearing surface, the present invention's changes to the air

_ bearing surface do not affect take-off velocity, fly height, stiction, or dynamic friction.
O Although the present invention has been described with reference to preferred _

: embodiments, workers skilled in the art will recognize that changes may be made in
form and detail without departing from the scope of the present invention.

-

Sheet Has Been R laoed

T



{ RECEIVED U6/85 U:54 1396 AT 532-7149 PAGE 17 (PRINTED PAGE 17) 1
._preseanTJm_éﬁ?ﬁ olrl'?;'37?i gure 3-IELER %6:8 vi ew of the patterne%iﬂé‘(t)i es of E’llgure
3 Figure 6 is a top view of a second enbodi nent of the patterned pol es of
‘the present invention; Figure 7 is a third¥odi nent of the patterned
pol es of the present invention; and Figure 8 is a top—ew-ofa-thin-film
h

ad of the present invention positioned over a magnetic disc.
This Sheet Has Been Reilaced
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1. An electromagnetic transducer for a thin film head in a disc drive system, said

s
1
1

CLAIMS:

transducer having top and bottom poles (28, 30) each pole having, a gap defining linear

5 edge (40, 42) for defining a gap (36) of the transducer, charactecised in that at least one
A of said poles. further comprises a pair of linear edges (56, 58, 60, 62) each linear"edge is

E disposed at an angle with respect to said respective gap defining linear edge, said edges
| abut each other at one end and extend at the other end without encroaching upon the gap.

i 2. A transducer as claimed in claim 1, in which both poles comprise the pair of
linear edgés.

3. A transducer as claimed in claim 1 or 2 further comprising a surrounding material
{32) surrounding the surface of the pole pieces, the pair of linear edges extending into

the surrounding material.

4, A transducer as claimed in any one of claims 1 to 3, wherein the linear edges do
R not abut the respective gap-defining linear edge.

. 5. A transducer as claimed in any one of the preceding claims wherein the pair or
each linear edges is symmetric about and abuts at an axis perpendicular to the respective
gap-defining linear edges.

6. A transducer as claimed in any one of the preceding claims when depeadent upon
Claim 2, wherein the linear edges of one pole are at a first acute angle to the respective

* C L M S *
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=51 Fi gl dREIPE g8t tion of MHURKE/020 containing a plur @7 p art "Bl 1y
construct ed inductive thin-filmheads 22 forned through—approepriate -

mat er i al depositions and etchings on a subsiwsate 24 | .a vveII known manner .
Toravoi d obscuri ng the view of the remainder of the eet B Reéplagaic s
nof show a final insulation |ayer which lies over the II m

hetids 22 . Thin-filmheads 22 are constructed in rows
gap-defining edge and the linear edges of the other pole are at a second acute angle to the
respective gap-defining edge.

7. A transducer as claimed in any one of the preceding claims, when dependent
upon Claim 2, in which each of the linear edges of the poles abuts a wing edge (122,
| 124, 130, 132) the wing edges are at an acute angle to the respective gap-defining edges
and being smaller than the acute angle between the two linear edges and the respective
o gap-defining edge. |

- 8. A transducer as claimed in claim 9 wherein the wing edges do not intersect the
gap-defining edge.

9. A transducer as claimed in Claim 7 or 8, wherein a first tie edge (134) conaects
one wing edge (122) from one pole with one wing edge (130} from the other pole and a
. | second tie edge (138) connects a second wing edge (124) from one pole 1o a second wing
: edge (132) from the other pole.

g 10. A method for producing a transducer for thin-Glm magnetic head with reshaped
pole tips, the method éompﬁsing: |
constructing a partial thin-film magnetic head by depositing and etching material in a
first direction; '
cutting through one end of the head in the first direction to form a working surface (31)
Y having pole tip surfaces, the poles (28, 30) surfaces forming one end of the pole tips and
having linear gap-defining edges (40, 42);
| depositing a layer of photoresist material (46) over the entire working surface;

R
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f r,om- wetNATHq) 6'?1'&Bcut |i ne¥ILLER #%h intersect top pol e®tHBIFEBE and-12
bqttom pol e tips 30.(not _shown). Figure 2 is a cross-sectional side view of
an inductive thin-filmhead 22 broken avvay fromwafer 20. Wbrking surface
shown on the ri gﬂ‘msslgeeima@geehh{baacgd | mint&Tive head 22, is the surface

prioduced by cut line 1. Thin-filmhead 22 is constructed in
fer 20 by depositl | ayers of material onto substrate 24. In

general, a bottominsu atl ng 33 of nonmagnetic material such as [err]

.d first deposited on substrate 24. A bottomcore leg 34 form ng a bottom
le ti 30 near workln urface

P P rg]asito the working surface, the mask having opaque areas and clear areas;

| passing electromagnetic radiation through the mask and onto the layer of photoresist, the

5 | radiation passing through only the clear areas of the mask, the radiation impinging on the
layer of photoresist in a pattern nearly identical to the pattern of clear areas in the mask,
the radiation changing the bonding characteristics of the portions of the photoresist layer
impinged upon relative to the portions not impinged upon; _

removing the portions of the photoresist layer which have weaker bonding characteristics

! relative to other portions of the photoresist Iayer, the removal leaving a patterned

i photoresist layer with at least one portion of the patterned photoresist layer (50) aligned
with the pole tip surfaces such that two identical sides of the patterned portion are at an
acute angle to a gap-defining linear edge of at least one of the pole tip surfaces;
removing head material around the patterned photoresist layer, the removal of bead
material reshaping portions of the pole tips near the pole tip surfaces; and

removing the patterned photoresist layer.

11.  The method of claim 10 wherein the patterned photoresist layer is shaped such

.o ..
- — ot e — —————————— —

that when head matecial is removed around the patterned photoresist Iayer no part of a
linear gap-defining edge is removed even with extreme errors in aligning the mask to the
working surface.

| U A
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31 i s deposited on top of bop{onlﬁnsulatlng | ayer 33. A top coreﬁieg f?lzs
f ormed above bottomcore leg 34 and forns top pole tip 28 near working

- surface 31. The two core legs are typicallyltonstructed out of a

ni ckel -iron alloy chosen for its nagnetic properties. Between top core |eg
37 and bottomcore leg 34 is an insulating material 41 which houses
conductive coils 43 and 45. Top pole tip 28 and bottompole tip 30 forma
gap 36 between themwhich is typically filled with a nonmagnetic nateri al
such as A1203. Above top core leg 37 is top insulating |ayer 53 which is
al so preferably [err]. Cut line 26 cuts through top insulating | ayer 53,
tdp pole tip 28, gap 36, bottompole tip 30

THIN-FILM TRANSDUCER DESIGN
: FOR UNDERSHOOT REDUCTION

ABSTRACT

A thin-film head electromagnetic transducer has two pole pieces (28, 30) which
define a gap (36). The surfaces of the pole pieces have linear edges (40, 42) defining the
sides of the gap and each have two linear edges (56, 58, 60, 62) which are at an acute

angle to the linear edges defining the gap and are symmetric about and abut at an axis
perpendicular to the linear edges defining the gap.

.  Fg. 5.
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and bolfoNTITR| éﬁ’?ﬁgrl ayer - MRLER) (O m wor ki ng surface 31%4WA{SHRZTs Pt

pérpendi cul ar .to the plane of substrate 24. Figure 3A is an isonetric view
ofi working surface 31 for one partially constructed thin- filmhead created
by cutting wafer 20 along cut |ines 26. Cut |ine 26 exposes working

1/11
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surf ate 5T Whieh Tnaf udes t S HRE&Pi ng | ayer 53, bott om PiTeEi%8Sng Peirer
33] gap 36 and the surfaces of top pole tip 28 and bottompole tip 30. Top
ingulating | ayer 53 and bottominsulating |ayer 33 forma surroundi ng
magerial 32 which is an integral .unit of insulating material that surrounds
the pole tips. The remai nder of the pole tips which are bel ow surface 31
ang whi ch provide part of the perneable;gﬂqe[ial path to the
el gctromagnetic transducer are shown in dashed |line formin Figure 3A. The
depositions and etchings done in formng wafer 20 created the trapezoi dal
cross-sectional shape of top pole tip 28 and bottom pole tip 30. Top pole -
tip 28 has | eading edge 38 and gap-

22

/
K’”.

///’/IIIIIIIIIIIIIII}/
30° 36

FIG. 2

7

77
34

33
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defi ni ng e'érée 40 and- bot t om’PEHER ¥ 5930 has gap- defi ni ng H3&2Rng P-23
trailing edge 44. These edges are generally parallel to each other and when
the head is placed in a magnetic recordi ng device, these edges are
general ly perpendicular to the head's direction of novenent over the
magneti c nedium The head is positioned in the recording device so that

| eadi ng edge 38 .crosses over the nagnehsc nedi um ahead of gap 36 and
trailing edge 44. In heads w thout res poIe tips, |eading edge 38 and

railing edge 44 are responsible for a | arge amburit of the undershoot found
in|the read signal. Just before gap 36 passes

»
!

FIG. 3A
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.over- a A rﬁﬁgfron1tﬂé”ﬁbﬁﬁﬁﬁ:extends through | eadi Ay &¥ge ™3g
cteating a | eading undershoot. Just after gap 36 passes out of the domain,
fihux fromthe domain extends through trailing edge 44 creating a trailing
upder shoot. The anmount of flux that extends through the edges at a given
tijme i s dependent upon the degree to which the pole tip edges are
perpendi cular to the head's direction &/qrhvel over the nmagnetic medi um
t he degree to which the pole tip edges are parallel to the gap-defining
edges and the distance fromthe pole tip edges to the surface of the .

gnetic medium As discussed below, the present invention replaces |eading
e'ge 38 and trailing edge 44 with a | eadi ng and

FIG. 38

-
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._tFai-.I | #g TIPSt HE140,r & fur IHBHER B the surface of the medi um and With

‘t apefr ed edges -7- which give rise to less flux change per unit tinme than
do | eading edge 38 and trailing edge 44. The pole tip shaping process
begins by using a well known process to deposit a thin film

5/11

FIG. 3C
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photorégrst 4é over the enP+F%ty of working surface 31“””‘ own in
gure 3B. " Phot oresi st 46 can be one of many well known naterials sensitive
el ectromagnetic radi ati on of certain wavel engt hs whose bondi ng

characteristics change when exposed to such radiation. Photoresist 46 is
exposed to a pattern of such radiation by passing the radiation through a
phot omask which spatially filters theléﬁyﬁklon allowing radiation to

. inmpinge only certain areas of photoresi Those sel ected portions of
phot or esi st 46 inpinged upon by the radiation are altered with respect to
t hose portions which are not inpinged upon. This alteration results in
afleas on working surface 31 where photoresi st .
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46 i s tqag*‘d"T’;?g%oﬁ'Fl&Gt o the 3UMERE Thd areas where phot or 881 é?ﬁ%s S P&
[ijghtly bound to the surface. Additional well known processing steps renpve
tHe lightly bound resist and harden the tightly bound resist, formng a
pattern of hardened resist. Such a pattern is shown in Figure 3C where a-
phot oresi st border frane 48 and a photoresist pole tip nmask 50 are the only
partions of photoresist 46 |eft aftert1ﬁrfﬁotoresist I s devel oped. The
pdl e tip reshaping process continues Ww e renoval of head nmaterial near
wdr ki ng surface 31 not covered by border frane 48 or pole tip mask 50. This

terial may be renoved to a sel ected depth through chemcal etching or ion’
m'lling, both well known

70

60

42
}
FIG. 3E

66

Y
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thedga?%fkgganFﬁg mat er i GMYFOR Phin-fil m heads. As shSWR*H |guféz§D

5to .5 [err]. deep. Between depression 52 and border frame 48 and pol e
p mask 50 are canted walls 54. Canted walls. 54 are a result of
mtations in the material renoval process. Wen the material renoval
ocess is conpleted, photoresist 46 isF%,gnyed fromthe masked areas
res'the brittle photoresist

e !
tHe renoval of this nmaterial creates a depression 52 which is preferably
.0
[
i
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N 2&1
A
FIG. 4
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REPLAGEVENTISGERT 41. it tHMWFRE&H from the surface beni e onde>
“border franme 48 and pole tip mask 50 are renoved, the process of patterning
the pole tips is conplete. An isonetric view of the conpleted interface
E‘urface wi th reshaped pole tips of one preferred enbodi nent is shown in

igure 3E. In Figure 3E, the materi al ginloyal process used to formthe’
IInterface surface has left a

88 g8
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rai sed border a raised inner surface 66 and depression 52. It has al so
¢ ChaBIIED B8 haB W and, BRGILE) S8 oSy El TS, M) Hopr ageadadnad nagd0c
68 and depressed trailing edge 70 which are sonme distance, typically .05 to
.S [err]., fromthe plane of raised inner surface 66. By replacing |eading-
edge 38 and trailing edge 44 wth depressed | eading edge 68 and depressed
trjailing edge 70, the present invention increases the distance between

t hese edges and the magnetic medi um igﬁgﬁnﬁ t he amount of flux arising at
t hese edges and thus reducing the anou nder shoot produced by these
edges.

d 118

; . _ B 114\. | /
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‘I'n addition, the present invention prgdtﬁggsﬁ})%ﬁﬁ%rggﬁ?dges 56, 58, 60, and
62 REPR! oae0t 3% Pendi cyl§ t IPREN s digocisearsof praavel
oyer t%ﬂiﬂ%l um%’fﬁ? are no'lE1| %EIF%I%?%? to gap-defining edges 40 and 42. These -
t.apered edges reduce undershoots by spreadi ng out over time the flux which
extends through these edges. Instead of having a | arge anount of fl ux
extendi ng through the leading or trailing edge of the pole tip at one tine,
the present invention has small amounts of flux extending through the
tapered edges over a longer time. This slryelafis out the undershoot making it
| ast |onger at a smaller magnitude. '

FIG. 8
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lfigure 4 shows read signals for a thin-fil m head W|thout
tips, such as the prior art head shown in Figure 3A—and e e-Ortt
present invention with reshaped pole tips, such a % % 13
4E. The read signals are created by passing the . Deserintion rP&é‘?ﬂ, q,é" RECL o
transition between two domains. Non-reshaped head| < &Haim(g)?2 PaMPHﬁGEI\VE&ﬁ" [“
SHEET A9 Drawing(s) : paged ..\ to paged .

' : O Abstract  : paged .1 to paged ...

o | DATE OF recgrer 0.9.0EC 19%
THIN-FILM. TRANSDUCER N
FOR UNDERSHOOT REDUCTION

The present invention relates to a transducer having shaped poles for thin-film magnetic”
heads. More particularly, it relates to shaped magnetic poles which reduce undershoot in
the information retrieval signal.

- In magnetic recording dévi'ces; thin-film magnetic heads retrieve ("read") and store

s ("write") information to magnetic Jr'nedia by magneto-resistively or inductively sensing

the magnetization of and creating respectively, localized magnetic domains in the media.
When'reading information from é magnetic medium, a thin-film head's interface surface
moves over the medium at a short distance from the medium so that magnetic flux from
the localized domains enters permeable material pole tips in the interface surface. This
flux extends over a selected permeable material path from the surface of the pole tips at
the interface surface to an electromagnetic transducer which converts the magnetic flux
in the path into an electric read current. The electric read current is used by the
recording device in which the head is mounted to create an electric read signal.
As the thin-film head approaches a new magnetic domain, flux from that domain extends
through the leading edge of the closer of the two pole tips, creating a small magnitude
pulse in the read signal. When the thin-film head crosses fully over the new domain,
flux from that domain extends through both pole tips and over the permeable material
“path producing a large magnitude pulse in the read signal of opposite polarity to that of
the first pulse As the magnetic head exits the domain, a small amount of flux from that

__domam extends through the trailing edge of the last pole tip and creates a small

magnitude pulse in the read signal of the same polarity as the first small pulse.

This. is the replacement sheet
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<9- is the read signal produced by the head w thout reshape ole tips and
reshaped head signal 74 is the read signal fromthe head mﬁgﬁﬁhﬂﬁﬁﬂﬁmﬂisﬂﬂg$
tips of the present invention. Non-reshaped head signal 72 has | eading
@ndershoot 76, primary pulse 77 and trailing undershoot 78. Reshaped head
signal 74 has | eadi ng undershoot 80, prRrary pulse 81 and trailing

under shoot 82. Leadi ng undershoot 76 and trailing undershoot 78 of

non-r eshaped head signal 72 have a greater magnitude than | eading

under shoot 80 and trailing undershoot 82 of reshaped head signal 74.

Leadi ng undershoot 80 and trailing

The large magnitude pulse is intermediate in time over the time it takes the head to cross
over the domain and is the primary pulse in the read signal. The series of primary pulses
in the read signal produced by the thin-film head as it moves over the series of magnetic
domains in the medium is translated into binary data by decoding circuitry in the
magnetic recording device. Ideally, the primary pulses obtained from each domain are
large in magnitude so that they are easily detected by the decoding circuitry and narrow
in width, i.e. short in time with respect to the domain crossing time, so that they do not
interfere with one another. The two smaller pulses on either side of the primary pulse in
time are termed "undershoots”. Undershoots in the read signal are undesirable because
they may overlap in time, i.e. "interfere", with primary pulses created by other magnetic
domains. This interference, known as intersymbol interference, indirectly reduces the
lineal density of the domains in the magnetic media because the linearly sequential
domains must be positioned far enough apart so that undershoots from one domain do
not interfere with the primary pulse of andther domain in such a way that the primary
pulses become undetectable.
The magnitude of undershoots in the read signal is affected by the geometry of the pole
o tips and specifically by the location and position of the edges of the pole tips. To
remove undershoots, several methods have begn developed which change the location
and position of these edges. These methods mill away the edges of existing pole tips to
create new pole tip shapes. Examples of these new pole tip shapes can be found in
Ramaswamy, RECORDING HEAD TO MINIMIZE UNDERSHOOTS IN READBACK
PULSES, U.S. Patent No. 4,970,616, Issued Nov. 13, 1990; Howell, T.D. et al.
"Advanced Read Channels for Magnetic Disk Drives", IEEE Tranéacﬁons on Magnetics,
vol.30, no. 6 (November 1994), pp. 3807-3812; and Yoshida, M. "Edge Eliminated
Head", IEEE Transactions on Magnetics, vol. 29, no.6 (November 1993), pp. 3837-

This is the replacement é.heet

Date: -9 {)EC 1094



undershoot 82 also extend closer to primary pul se 81 than REBAGEMENT SHEET
“undershoot 76 and trailing undershoot 78 extend to primary pulse 77. Thus,
the |l eading and trailing undershoots fromthe reshaped poles of the present
A nvention have a smaller magni tude but extend further than the undershoots
fromprior art heads. Since it is the #a®gnitude of the undershoots which
can force reduction of linear data density in nagnetic nedia, the present

i nvention allows greater linear data density by reducing this magnitude.
The key features of the patterned poles of the present invention are
illustrated in Figure 5 which is a top view of the patterned pol es of
Figure 3E. Top tapered edges 56 and 58

3839. Although these new pole tip shapes change the location and position of the pole
tip edges, the pole tip shapes found in these references have manufacturing or
performance characteristics which make them less than optimum for reducing
~ undershoots in the read signal.
The present invention is a thin-film head electromagnetic transducer which has a pair of
pole tips that define a gap between them. The surface of at least one of these pole tips
has a linear edge that defines one side of the gap and two other linear edges which are
identical to each other and which are symmetric about and abut at an axis perpendicular
to the gap-defining linear edge. The pole tips receive magnetic flux from magnetic fields
stored on a medium and direct the magnetic flux along a path to an area of the thin-film
head where it is transduced in_to an electrical signal. |
The pole tips of the present invention reduce the magnitude of leading and trailing
undershoots by eliminating leading and trailing edges of the pole tips which are
perpendicular to the direction the head travels over the medium or paralle]l to the gap-
defining edges of the pole tips. In addition, because the present invention's pole tips
have a symmetrical shape, the invention minimizes undershoot variations caused by
" variations in the skew angle of the thin-film head. This means that the present invention
maximizes the reduction of the magnitude of undershoots at all locations over the
medivm.
In preferred embodiments, the pole tips are shaped after the thin-film head has been cut
into rows and cut away from a wafer containing a number of thin-film heads. The pole
tips are shaped by masking a pattern over the pole tips' surfaces and removing head
material around the mask. The shapes of the mask are chosen so that errors in aligning
the mask with the.pole tips do not result in narrower read gaps after the material outside

of the mask is removed.
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formidentical top taper angles 86 and 88 with depressed Ied}EMM}G@EgET
in addition, top tapered edge 56 is the sane |length as top tapered edge

and the two edges are symetrical about and abut at a |ine perpendicular to
gap-defining edge 40 in the plane of the figure. The symmetry between these
Two edges makes the undershoot reducti of=produced by the tapered edges
consistent for all positions of the thin-filmhead over the nedi um

regardl ess of the skew angle of the head. Simlar symmetry is found between
bottom t apered edges 60 and 62. Bottomtapered edges 60 and 62 abut top
tapered edges 56 and 58 at a point level with the center of gap 36.

Ideally, all of the tapered edges '

Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:
Figure 1 is a portion of a wafer of partially constructed thin-film heads;
Figure 2 is a cross-sectional side view of an inductive partially constructed thin-film head
broken off the wafer of Figure 1; | |
Figure 3A is an isometric view of the working surface of the partially constructed thin-
film head of Figure 2;
N Figure 3B is an isometric view of the partially constructed thin—_ﬁlm head with a film of
photoresist applied to the working surface;
Figure 3C is an isometric view of the partially constructed thin-film head with portions
of the photoresist removed;
Figure 3D is an isometric view of the partially constructed thin-film head after unmasked
material has been removed; |
Figure 3E is an isometric view of the partially constructed thin-film head after
photoresist on the masked portions has been removed;
Figure 4 is a graph of read signals from a prior art head and a patterned pole head of the
present invention; _
Figure 5 is a top view of the patterned poles of Figure 3E;
Figure 6 is a top view of a second embodiment of the patterned poles of the present
invention; |
Figure 7 is a third embodiment of the pattérned poles of the present invention; and
Figure 8 is a top view of a thin-film head of the present invention positioned over a

magnetic disc.
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_abut at a point, however, nilling unavoidably rounds the cor?%@_w%” SHEET

“t hese edges abut. -10- The only portions of the tapered e

af fect undershoot in the read signal are those which are part of top pole
~tip 28 or bottompole tip 30. The renaining portions of the tapered edges
are in surrounding material 32 and haveSno direct effect on the flux

Figure 1 is a portion of a wafer 20 containing a plurélity of partially constructed

inductive thin-film heads 22 formed through appropriate material depositions and

etchings on a substrate 24 in a well known manner. To avoid obscuring the view of the

remainder of the heads, Figure 1 does not show a final insulation layer which lies over

the top of thin-film heads 22 . Thin-film heads 22 are constructed in rows and are cut

~ from wafer 20 along cut lines 26 which intersect top pole tips 28 and bottom pole tips 30

(not shown).
~— Figure 2 is a cross-sectional side view of an inductive thin-film head 22 broken away
from wafer 20. Working surface 31 shown on the right side of thin-film inductive head
22, is the surface produced by cut lines 26 of Figure 1. Thin-film head 22 is constructed .
in wafer 20 by depositing and etching layers of material onto substrate 24. In general, a
bottom insulating layer 33 of nonmagnetic material such as AlpO3 is first deposited on
substrate 24. A bottom core leg 34 forming a bottom pole tip 30 near working surface
3lis deposited on top of bottom insulating layer 33. A top core leg 37 is formed above
bottom core leg 34 and forms top pole tip 28 near working surface 31. The two core legs
are typically constructed out of a nickel-iron alloy chosen for its magnetic properties.
Between top core leg 37 and bottom core leg 34 is an insulating material 41 which
houses conductive coils 43 and 45. Top pole tip 28 and bottom pole tip 30 form a gap
36 between them which is typically filled with a nonmagnetic material such as AlOj3.
Above top core leg 37 is top insulating layer 53 which is also preferably Alx03. Cut
line 26 cuts through top insulating layer 53, top.pole tip 28, gap 36, lbottom pole tip 30
and bottom insulating layer 33 to form working surface 31 which is perpendiculai' to the
plane of substrate 24.
Figure 3A is an isometric view of working surface 31 for one partially constructed thin-

film head created by cutting wafer 20 along cut lines 26. Cut line 26 exposes working
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entering the pole tips. However, the portions of the taperﬁEM@EMENrT SHEET
“surrounding material 32 indi rectly af fect the overall perforrrance of the

patterned poles. The tapered edges in surrounding material 32 are _
.constructed so that unavoi dable errors in the positioning of pole tip mask

50 during the patterning of the photorgsist will not cause one of the
tapered edges to cross into gap-defining edges 40 or 42. Crossing into the
gap i s undesirable because it reduces the gap width and thus causes
unpredi ctable variations in the gap width. Thus, in the ideal position, the
t apered edges nmust be far enough away from gap defini ng-edges 40 and 42 to
ensure that in extrene position error conditions

surface 31 which includes top insulating layer 53, bottom insulating layer 33, gap 36 and

the surfaces of top pole tip 28 and bottom pole tip 30. Top insulating layer 53 and

bottom insulating layer 33 form a surrounding material 32 which is an integral unit of

insulating material that surrounds the pole tips. The remainder of the pole tips which are

below surface 31 and which provide part of the permeable material path to the

electromagnetic transducer are shown in dashed line form in Figure 3A. ' The depositions

and etchings done in forming wafer 20 created the trapezoidal cross-sectional shape of

top pole tip 28 and bottom pole tip 30. Top pole tip 28 has leading edge 38 and gap-

defining edge 40 and bottom pole tip 30 has gap-defining edge 42 and trailing edge 44.

These edges are generally parallel to each other and when the head is placed in a

magnetic recording device, these edges are generally perpendicular to the head's

direction of movement over the magnetic medium. The head is positioned in the |

recording device so that leading edge 38 crosses over the magnetic medium ahead of gap

36 and trailing edge 44.

In heads without reshaped pole tips, leading edge 38 and trailing edge 44 are responsible

for a large amount of the undershoot found in the read signal. Just before gap 36 passes

N over a domain, flux from the domain extends through leading edge 38 creating a leading

undershoot. Just after gap 36 passes out of the domain, flux from the domain extends

through trailing edge 44 creating a trailing undershoot. The amount of flux that extends

through the edges at a given time is dependent upon the degree to which the pole tip

edges are perpendicular to the head's direction of travel over the magnetic medium, the

degree to which the pole tip edges are parallel to the gap-defining edges and the distance

from the pole tip edges to the surface of the magnetic medium. As discussed below, the

present invention replaces leading edge 38 and trailing edge 44 with a.leading and

trailing edge that are further from the surface of the medium and with tapered edges
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nene of the tapered edges cross the gap defining edges. In the QEME

shown in Figurg 5, this positioning is achieved by adjusting tﬁgPB§ ! n* SHEET
angl es of the tapered edges so that the tapered edges in the surrounding
material are sufficiently far fromthe %pp defining edges. Specifically,

taper angles 86, 88, 90, and 92 are apprioxinmately 25 to 30 degrees in this
enbodi nent. Figure 6 shows anot her enbodi nent of the present invention

which is identical to the enbodi ment of Figure 5, except that taper angles

94, 96, 98, and 100 are snaller than the taper angles of Figure 5 and

t hereby nmake the di stance between tapered edges 102,

which give rise to less flux change per unit time than do leading edge 38 and trailing
edge 44.

The pole tip shaping process begins by using a well known process to deposit a thin film
of photoresist 46 over the entirety of working surface 31, as shown in Figure 3B.
Photoresist 46 can be one of many well known materials sensitive to electromagnetic
radiation of certain wavelengths whose bonding characteristics change when exposed to
such radiation. Photoresist 46 is exposed to a pattern of such mdiaﬁon by passing the
radiation through a photomask which spatially filters the radiation, allowing radiation to
impinge only certain areas of photoresist‘46. Those selected portions of photoresist 46
impinged upon by the radiation are altered with respect to those portions which are not
impiﬁged upon. This alteration results in areas on working surface 31 where photoresist
46 is tightly bound to the surface and areas where photoresist 46 is lightly bound to the
surface. Additional well known processing steps remove the lightly bound resist and
harden the tightly bound resist, forming a pattern of hardened resist. Such a pattern is
shown in Figure 3C where a photoresist border frame 48 and a photoresist pole tip mask
50 are the only portions of photoresist 46 left after the photoresist is developed.

;\,,-- ‘The pole tip reshaping process continues with the removal of head material near working
surface 31 not covered by border frame 48 or pole tip mask 50. This material may be
removed to a selected depth through chemical etching or ion milling, both well known
methods for removing material from thin-film heads. As shown in Figure 3D, the
removal of this material creates a depression 52 which is preferably .05 to .5 um. deep.
Between depression 52 and border frame 48 and pole tip mask 50 are canted walls 54.
Canted walls 54 are a result of limitations in the material femoval process.

-When the material removal process is completed, photoresist 46 is removed from the _

masked areas through a mechanical process which fractures the brittle photoresist causing
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104, 106, and 108 and gap-defining edges 110 and 112 gre

“distances are in Figure 5. Specifically, the taper angleaéﬁﬁh&gﬂﬁEﬁggﬁﬁtET
approximately 15 to 20 degrees where it was 25 to 30 degrees in Figure 5.
I'n practice, the taper angle may range between 10 and 50 degrees. By noving
t apered edges 102, 104, 106 and 108 fur8her fromthe gap, this enbodi nent
remai ns functional even with |arger nmask positioning errors.

it to release from the surface beneath it. Once border.frame 48 and pole tip mask 50 are
removed, the process of patterning the pole tips is complete. An isometric view of the
completed interface surface with reshaped pole tips of one preferred embodiment is
shown in Figure 3E.
In Figure 3E, the material removal process used to form the interface surface has left a
raised border 64, a raised inner surface 66 and depression 52. It has alsd removed
leading edge 38 and trailing edge 44 leaving depressed leading edge 68 and depressed
~ trailing edge 70 which are some distance, typically .05 to .5 pm., from the plane of
raised inner surface 66. By replacing leading edge 38 and trailing edge 44 with
depressed leading edge 68 and depressed trailing edge 70, the present invention increases
the distance between these edges and the magnetic medium, reducing the amount of flux
arising at these edges and thu§ reducing the amount of undershoot produced by these
edges. _
In addition, the present invention produces tapered edges 56, 58, 60, and 62 which are
not perpendicular to the thin-film head's direction of travel over the medium and are not
parallel to gap-defining edges 40 and 42. These tapered edges reduce undershoots by
spreading out over time the flux which extends through these edges. Instead of having a
large amount of flux extending through the leading or trailing edge of the pole tip at one
time, the present invention has small amounts of flux extending through the tapered
edges over a longer time. This spreads out the undershoot making it last longer at a
smaller magnitude.
Figure 4 shows read signals for a thin-film head without reshaped pole tips, such as the
prior art head shown in Figure 3A, and a head of the present invention with reshaped
pole tips, such as the one shown in Figure 3E. The read signals are created by passing

the heads over a magnetic transition between two domains. Non-reshaped head signal 72
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REPLACEMENT SHEET -11- Figure 7 shows a third enbodi nent ent
*i nvention which uses a di?ferent t echni que to ensure that?#%iﬁcgﬁégﬁbsHEEE
i nterface surface do not cross the gap-defining edges. In this enbodinent,
_top tapered edges 114 and 116 do not abut bottom tapered edges 118 and 120.

“Instead, top tapered edges 114 and 116-gbut top wi ng edges 122 and 124
respectively and bottom tapered edges 118 and 120 abut bottom w ng edges
130 and

ig the read signal produced by the head without reshaped pole tips and reshaped head
signal 74 is the read signal from the head with reshaped pole tips of the present
invention. Non-reshaped head signal 72 has leading undershoot 76, primary pulse 77
and trailing undershoot 78. Reshaped head signal 74 has leading undershoot 80, primary
pulse 81 and trailing undershoot 82. Leading undershoot 76 and trailing undershoot 78
of non-reshaped head signal 72 have a greater magnitude than leading undershoot 80 and
trailing undershoot 82 of reshaped head signal 74. Leading undershoot 80 and trailing
undershoot 82 also extend closer to primary pulse 81 than leading undershoot 76 and
trailing undershoot 78 extend to primary pulse 77. Thus, the leading and trailing
undershoots from the reshaped poles of the present invention have a smaller magnitude
but extend further than the undershoots from prior art heads. Since it is the magnitude
of the undershoots which can force reduction of linear data density in magnetic media,
the present invention allows greater linear data density by reducing this magnitude.
The key features of the patterned poles of the present invention are illustrated in Figure 5
| which is a top view of the patterned poles of Figure 3E. Top tapered edges 56 and 58
form identical top taper angles 86 and 88 with depressed leading edge 68. In addition,
top tapered edge 56 is the same length as top tapered edge 58 and the two edges are
symmetrical about and abut at a line perpendicular to gap-defining edge 40 in the plane
of the figure. The symmetry between these two edges makes the undershoot reduction
produced by the tapered edges consistent for all positions of the thin-film head over the
medium regardless of the skew angle of the head. Similar symmetry is found between
bottom tapered edges 60 and 62. Bottom tapered edges 60 and 62 abut top tapered edges
56 and 58 at a point level with the center of gap 36. Ideally, all of the tapered edges

abut at a point, however, milling unavoidably rounds the corners where these edges abut.
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132 are all pariilel to gap defining edges 126 and 128 B HOMEN;SHER
al so abuts end wi ng edge 134 which abuts bottom wi ng edge 130. Taken
toget her, these three edges formwi ng_136. Simlarly, top w ng edge 124,
bottom wi ng edge 132, and end wi ng edgé 138 formw ng 140. The pattern
shown in Figure 7 is significant for a nunber of reasons. First, the
t apered edges are | ong enough to provide tapered edges over the entire
w dth of both pole tips. By continuing the tapered edges outside of the
pole tips, this design ensures that even
The only portions of the tapered edges which affect undershoot in the read signal are
those which are part of top pole tip 28 or bottom pole tip 30. The remaining portions of
the tapered edges are in surrounding material 32 and have no direct effect on the flux
entering the pole tips. However, the portions of the tapered edges in surrounding
material 32 indirectly affect the overall performance of the patterned poles. The tapered
edges in surrounding material 32 are constructed so that unavoidable errors in the
positioning of pole tip mask 50 during the patterning of the photoresist will not cause one
~ of the tapered edges to cross into gap-defining edges 40 or 42. Crossing into the gap is
undesirable because it reduces the gap width and thus causes unpredictable variations in
the gap width. Thus, in the ideal position, the tapered edges must be far enough away
from gap defining-edges 40 and 42 to ensure that in extfeme position error conditions
none of the tapered edges cross the gap defining edges. In the embodiment shown in
Figure 5, this positioning is achieved by adjusting the taper angles of the tapered edges
so that the tapered edges in the surrounding material are sufficieﬁtly far from the gap
defining edges. Specifically, taper angles 86, 88, 90, and 92 are approximately 25 to 30
degrees in this embodiment.
. Figure 6 shows another embodiment of the present invention which is identical to the
embodiment of Figure 5, except that taper angles 94, 96, 98, and 100 are smaller than
the taper angles of Figure 5 and thereby make the distance between tapered edges 102,
104, 106, and 108 and gap-defining edges 110 and 112 greater than those distances are
in Figure 5. Specifically, the taper angle in Figure 6 is approximately 15 to 20 degrees
where it was 25 to 30 degrees in Figure 5. In practice, the taper angle may range
between 10 and 50 degrees. By moving tapered edges 102, 104, 106 and 108 further
from the gap, this embodiment remains functional even with larger mask positioning

CITOorsS.
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with pole tip mask alignnment errors t he tapered edges wil | REPPAGEM
“outside limts of the pole tips. This nmaxim zes the reduction of ENTCS,%Q?’-

undershoots by ensuring that top and bottom w ng edges 122, 124, 130 and
132, which are all parallel to the gap-defining edges, do not form an edge
in the pole tips. The shape-is al so sightficant because wings 136 and 140
permt a greater taper angle within the pole tips. Wthout wi ngs 136 and
140, extreme nask positioning errors would cause the tapered edges to cross
the gap defining edges. However, with the wi ngs, the edges are far enough
away fromthe gap defining edges that even with

Figure 7 shows a third embodiment of the present invention which uses a different
technique to ensure that the edges of the interface surface do not cross the gap-defining
edges. In this embodiment, top tapered edges 114 and 116 do not abut bottom tapered
edges 118 and 120. Instead, top tapered edges 114 and 116 abut top wing edges 122 and
124 respectively and bottom tapered edges 118 and 120 abut bottom wing edges 130 and
132 respectively. Top wing edges 122 and 124 and bottom wing edges 130 and 132 are
all parallel to gap defining edges 126 and 128. Top wing edge 122 also abuts end wing
~ edge 134 which abuts bottom wing edge 130. Taken together, these three edges form
wing 136. Similarly, top wing edge 124, bottom wing edge 132, and end wing edge 138
form wing 140.
The pattern shown in Figure 7 is significant for a number of reasons. First, the tapered
edges are long enough to provide tapered edges over the entire width of both pole tips.
By continuing the ta_pereﬁ edges outside of the pole tips, this design ensurés that even
with pole tip mask alignment errors the tapered edges will continue to the outside limits
of the pole tips. This maximizes the reduction of undershoots by ensuring that top and
bottom wing edges 122, 124, 130 and 132, which are all parallel to the gap-defining
edges, do not form an edge in the pole tips.
The shape is also significant because wings 136 and 140 permit a greater taper angle
within the pole tips. Without wings 136 and 140, extreme mask positioning errors
would cause the tapered edges to cross the gap defining edges. However, with the
wings, the edges are far enough away from fhe gap defining edges that even with
extreme mask positioning errors the edges will not cross the gap defining edges.
Lastly, the shape is significant because it is symmetrical. Top tapered edge 114 is at the
same taper angle and has the same length over top pole tip 28 as top tapered edge 116.
Although they do not necessarily have the same length or taper angle as the top tapered
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extrenme mask positioning errors the edges wll not crossm%@%m%ﬂéﬁg

‘edges. Lastly, the shape is significant because it is sy

tapered edge 114 is at the same taper angle and has the sane | ength over
top pole tip 28 as top tapered edge 116._ Although they do not necessarily
have the sane |length or taper angle as™Y4e top tapered -12-

edges, bottom tapered edges 118 and 120 do share the same taper angle and length over
bottom pole tip 30. Because of this symmetry, the thin-film head of Figure 7 reduces
undershoots consistently at all positions and skew angles over the medium.
Figure 8 shows the relaﬁonship between the reshaped pole tips of the present invention
and the skew angle of thin-film head 150. Because thin-film head 150 is mounted on an
arm that has a different axis than the magnetic disc 151, the head's gap is not always
perpendicular to the head's direction of travel. The angle between the perpendicular to
~ the gap and the head's direction of travel is the skew angle. In Figure 8, thin-film head
150 has two extreme positions over the disc, one at inner track 152 and one at outer
track 154. Over inner track 152, the relative movement of thin-film head 150 is in the
direction of tangent 156 which is tangent to inner track 150 at its center. Likewise, thin-
film head 150's direction of movement over outer track 154 is in the direction of tangent
158. Perpendicular line 160, which is perpendicular to the gap width; is not aligned
with either tangent 156 or tangent 158 when head 150 is over 1nner track 150 or outer
track 152 respectively. The angle between perpendicular line 160 and tangent 156 forms
skew angle 162, and the angle between perpendicular line 160 and tangent 158 forms
skew angle 164. Skew angle 162 is considered negative and has a typical value of -20
degrees. Skew angle 164 is considered positive and has a typical value of +20 degrees.
As discussed above, all of the embodiments of the present invention are symmetric so
that undershoot reduction is relatively constant over skew angles from -20 degrees to
+20 degrees.
In all of the above embodiments of the present invention, the leading and trailing edges
of the prior art pole tips are replaced by leading and trailing edges which are further
from the magnetic medium and by symmetrical tapered edges which are not paralle] to

the pole tips' gap-defining edges nor perpendicular to the head's direction of travel. In
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edges, bottom tapered edges. 118 and 120 do share the sane ]

| ength over bottom pole tip 30. Because of this synnetry,‘fPéﬂpﬁﬂﬁgbfﬁaEET
head of Figure 7 reduces undershoots consistently at all positions and skew
angl es over the nmedium Figure 8 shows the rel ationship between the
reshaped pole tips of the present inventjpn and the skew angle of thin-film
head 150. Because thin-filmhead 150 is nounted on an armthat has a
different axis than the magnetic disc 151, the head's gap is not always
perpendi cular to the head' s direction of travel. The angle between the
perpendi cular to the gap and the head's direction of travel is the skew
angle. In Figure 8, thin-film head

addition, the patterns used to reshape the pole tips are such that even extreme mask
positioning errors will not result in shorter width gaps. Thus, the present invention
consistently reduces undershoots over the entire medium by reshaping thin-film head
pole tips without reducing the width of the read gap.

In addition, although the present invention changes the shape of the pole tips and creates
a depression in the interface surface, it does not degrade the electrical or mechanical
performance of the thin-film head. The amplitude of the write signal and the ability to
overwrite the patterns of magnetic domains on the medium are not significantly affected
by the pole tip reshaping of the present invention. In addition, for heads which move
over the medium on an air bearing surface, the present invention's changes to the air
bearing surface do not affect take-off velocity, fly height, stiction, or dynamic friction.
Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in

form and detail without departing from the scope of the present invention.
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150 has two extreme positions over the disc, one at inner _
A PRICRENF Seere

at outer track 154. Over inner track 152, the relative nove

thin-filmhead 150 is in the direction of tangent 156 which is tangent to
inner track 150 at its center. Likewise, thin- filmhead 150's direction of
“nmovenent over outer track 154 is in the direction of tangent 158.

Per pendi cul ar line 160, which is perpendicular to the gap width, is not
aligned with either tangent 156 or tangent 158 when head 150 is over inner
track 150 or outer track 152 respectively. The angl e between perpendi cul ar
line 160 and tangent 156 forms skew angle 162, and the angl e between
perpendi cul ar line 160 and tangent 158 forns

CLAIMS:

1. An electromagnetic transducer for a thin film head in a disc drive system, said
transducer having top and bottom poles (28, 30) each pole having, a gap defining linear
edge (40, 42) for defining a gap (36) of the transducer, characterised in that at least one
of said poles further comprises a pair of linear edges (56, 58, 60, 62) each linear edge is
disposed at an angle with respect to said respective gap defining linear edge, said edges

abut each other at one end and extend at the other end without encroaching upon the gap.

2, A transducer as claimed in claim 1, in which both poles comprise the pair of

linear edges.

3. A transducer as claimed in claim 1 or 2 further comprising a surrounding material
(32) surrounding the surface of the pole pieces, the pair of linear edges extending into

the surrounding material.

N 4. A transducer as claimed in any one of claims 1 to 3, wherein the linear edges do

not abut the respective gap-defining linear edge.

5. A transducer as claimed in any one of the preceding claims wherein the pair or
each linear edges is symmetric about and abuts at an axis perpendicular to the respective

gap-defining linear edges.

6. A transducer as claimed in any one of the preceding claims when dependent upon

Claim 2, wher_ein the linear edges of one pole are at a first acute angle to the respective
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skew angl e 164. Skew angle 162 is considered negative and pes ;g;pﬂmt
“val ue of -20 degrees. Skew angle 164 is considered positive an as .l;@HEET

typi cal value of +20 degrees. As discussed above, all of the enbodi nents of
the present invention are symmetric so that undershoot reduction is
relatively constant over skew angles frpgl-20 degrees to +20 degrees. In
all of the above enbodi nents of the present invention, the | eading and
trailing edges of the prior art pole tips are replaced by | eading and
trailing edges which are further fromthe magnetic nmedi um and by
symetrical tapered edges which are not parallel to

gap-defining edge and the linear edges of the other pole are at a second acute angle to the

respective gap-defining edge.

7. A transducer as claimed in any one of the preceding claims, when dependent
upon Claim 2, in which each of the linear edges of the poles abuts a wing edge (122,
124, 130, 132) the wing edges are at an acute angle to the respective gap-defining edges
and being smaller than {he acute angle between the two linear edges and the respective

gap-defining edge.

8. A transducer as claimed in claim 9 wherein the wing edges do not intersect the

gap-defining edge.

9. A transducer as claimed in Claim 7 or 8, wherein a first tie edge (134) connects
one wing edge (122) from one pole with one wing edge (130) from the other pole and a
second tie edge (138) connects a second wing edge (124) from one pole to a second wing

edge (132) from the other pole.

10. A method for producing a transducer for thin-film magnetic head with reshaped
pole tips, the method comprising:

constructing a partial thin-film magnétic head by depositing and etching material in a

first direction;

cutting through one end of the head in the first direction to form a working surface (31)
having pole tip surfaces, the poles (28, 30) surfaces forming one end of the pole tips and |
having linear gap-defining edges (40, 42);

depositing a layer of photoresist material (46) over the entire working surface;
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the pole tips' gap-defining edges nor perpendicular to the hSEPLACEMENTt SHEET
of travel. In REPLACEMENT SHEET -13- addition, the patterns used to
reshape the pole tips are such that even extrene mask positioning errors
W ll not result in shorter width gaps. Thus, the present invention

- =16-

aligning a mask to the working surface, the mask having opaque areas and clear areas;
passing electromagnetic radiation through the mask and onto the layer of photoresist, the
radiation passing through only the clear areas of the mask, the radiation impinging on the
layer of photoresist in a pattern nearly identical to the pattern of clear areas in the mask,
the radiation changing the bonding characteristics of the portions of the photoresist layer
impinged upon relative to the portions not impinged upon;

removing the portions of the photoresist layer which have weaker bonding characteristics
relative to other portions of the photoresist layer, the removal leaving a patterned
photoresist layer with at least one portion of the patterned photoresist layer (50) aligned
with the pole tip surfaces such that two identical sides of the patterned portion are at an
acute angle to a gap-defining linear edge of at least one of the pole tip surfaces;
removing head material around the patterned photoresist layer, the removal of head
material reshaping portions of the pole tips near the pole tip surfaces; and

removing the patterned photoresist layer.

11.  The method of claim 10 wherein the patterned photoresist layer is shaped such
o that when head material is removed around the patterned photoresist layer no part of a
linear gap-defining edge is removed even with extreme errors in aligning the mask to the

working surface.
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consi stently reduces undershoots over the entire medi um by L
thin-filmhead pole tips wthout reducing the width of the F{@Zgégm'ﬂ QHEET
addi tion, although the present invention changes the shape of the pole tips
and creates a depression in the interface surface, it does not degrade the
el ectrical or mechanical performance of the thin-film head. The anplitude
of the wite signal and the ability to exae+wite the patterns of nmagnetic
dormai ns on the nmediumare not significantly affected by the pole tip
reshapi ng of the present invention. In addition, for heads which nove over
the nediumon an air bearing surface, the present invention's changes to
the air

THIN-FILM TRANSDUCER DESIGN
FOR UNDERSHOOT REDUCTION

ABSTRACT

A thin-film head electromagnetic transducer has two pole pieces (28, 30) which
define a gap (36). The surfaces of the pole pieces have linear edges (40, 42) defining the
sides of the gap and each have two linéar edges (56, 58, 60, 62) which are at an acute
angle to the linear edges defining the gap and are symmetric about and abut at an axis

perpendicular to the linear edges defining the gap.

Fig. 5.
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‘Bearing surface do not affect take-off velocity, fly height A SN r
“dynamt friction. Al though the present invention has been dQEEM@\q@&)-t%EET
reference to preferred enbodi nent's, workers skilled in the art wll .

_recogni ze that changes may be nmade in formand detail w thout departing
fromthe scope of the present invention. REPLACEMENT SHEET

1/11
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-14- CLAIMS: 1. An el ectromagnetic transducer for a trnzﬁégpqquﬁﬂi' HEET
“di sc drive system said transducer having top and bottom p - X 0§-
each pole having, a gap defining linear edge (40, 42) for defining a gap
(36) of the transducer, characterised in that at |east one of said poles
further conprises a pair of |inear edges (56, 58, 60, 62) each |inear -edge
I's disposed at an angle with respect to said respective gap defining |inear
edge, said edges abut each other at q2s/1np and extend at the other end

wi t hout encroachi ng upon the gap.

30" 36

FIG. 2
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2. A transducer as clained in claim1, in which both pol esRERIADEMENT SBIEET
“pair of linear edges. 3. A transducer as clained in claim1 or 2 further
conprising a surrounding material (32) surrounding the surface of the pole
_pieces, the pair of linear edges extending into the surrounding material.

4. A transducer as clainmed in any one of clains 1 to 3, wherein the

| i near edges do not abut the respective gap-defining |inear edge. 5. A
transducer as clainmed in any one of @71oiecedi ng clains wherein the pair

Or . .

SA

FIG.
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each {inear edges is symmetric about and abuts at an axis perPEPAGEMENT QHEET
“the respective gap-defining |inear edges. 6. A transducer as clained in
any one of the preceding clains when dependent upon Caim2, wherein the
_linear edges of one pole are at a first acute angle to the respective

-15-

4/11

FIG. 3B
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-gap- defining edge and the |inear edges of the other pole ar eRERLA@E\ﬁTanﬂSHEET
"acute angle to the respective gap-defining edge. 7. A transducer as
claimed in any one of the preceding clains, when dependent upon Claim2, in
_which each of the |inear edges of the poles abuts a wing edge (122, 124,
"130, 132) the wing edges are at an acute angle to the respective
gap-defining edges and being snmaller than the acute angle between the two

| i near edges and the respective gap-dgfippihg edge. 8. A transducer as
claimed in claim9 wherein the w ng eSJiﬂo not intersect the

31

FIG. 3C

N
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-gap-defining edge. 9. A transducer as clainmed in daim 7.R5PL@EM5M«§H1EQ

*first tie edge (134) connects one wi ng edge (122) fromone pole with one
wi ng edge (130) fromthe other pole and a second ti-e edge (138) connects a
.second wi ng edge (124) fromone pole to a second wing edge (132) fromthe
ot her pole. 10. A nmet hod for producing a transducer for thin-film
magneti c head with reshaped pole tips, the nethod conprising: constructing
a partial thin-filmmagnetic head by-g?)fiiti ng and etching nmaterial in a

54
/ '

FIG. 3D
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first di rection; cutti ng through one end of the head in the RERMLACEMENTcSHBRT

“to forma working surface (31) having pole tip surfaces, the poles (28, 30)
surfaces form ng one end of the pole tips and having |inear gap-defining
.edges (40, 42); depositing a layer of photoresist material (46) over the

entire working surface;

7/11

'64_

FIG. 3E
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'REPLACEMENT SHEET -16- aligning a mask to the working surfac®EPLAEEMENT SHEET
”haV|ng -opaque areas and cl ear areas; passing el ectromagnetic radiation

t hrough the mask and onto the | ayer of photoresist, the radiation passing
through only the clear areas of the mask, the radiation inpinging on the

"l ayer of photoresist in a pattern nearly identical to the pattern of clear
areas in the mask, the radiation changing the bondi ng characteristics of

t he portions of t he phot or esi-st Iayeriiyﬁhfged upon relative to the

portions not inpinged upon;:

FIG. 4

This is the replacement sheet

Date: ~ 3 DEC 99



‘renoving the portions of the photoresist [ayer which have .ﬁgEEf“ .
“characteristics relative to other portions of the photoresi'st . the

‘renoval |eaving a patterned photoresist layer with at. | east one portion of
_the patterned photoresist |ayer (50) aligned with the pole tip surfaces
such that two identical sides of the patterned portion are at an acute
angle to a gap-defining linear edge of at |east one of the pole tip
surfaces; renoving head materi al argizﬂb he patterned photoresist |ayer,
the renoval of head material reshapi rtions of the pole tips near the
pole tip surfaces; and renoving the patterned photoresist |ayer.
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This is the replacement sheet '.

Date: ¢ 9 DEC 193



11. + The nmethod of claim 10 wherein the patterned photor guymt Eﬂ%f '
“shaped .such that when head material is renmoved around theqﬁgﬁfﬁine 1_5ﬂEET

"phot oresi st |ayer no part of a linear gap-defining edge is renoved even
W th extreme errors in aligning the mask to the working surface.
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This is the replacément sheet

Date: = 9 DEC m_
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FIG. 8

This is the replacement shest

Date: =9 DEC 1995



