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BACKGROUND OF THE INVENTION
1. Field of the Invention _ |
The present invention relates to a write head which has a recessed stitched
yoke on a planar portion of a zero throat height (ZTH) defining insulation layer and
more particularly to a write head which has first and second components, the first
component eﬁmding from an air bearing surface (ABS) to form a pole tip and a

second component recessed and connected to the first component over a flat portion

- of a first insulation layer that defines ZTH. "

2. Description of the Related Art

An inductive write head mcludes a coil layer embedded in ﬁrst second and

third insulation layers (msulatlon stack), the insulation stack being sandwiched

. between first and second pole p1ece layers A gap is formed between the first and

second pole p1ece layers by a gap layer at an air bearing surface (ABS) of the write
head. The pole piece layers are connected at a back gap. Current conducted to the
coil layer induces a magnetic field across the gap between the pole .piece"s. This field
fringes across the gap at the ABS for the purpose of Writing information in tracks on
moving media, such as in circular tracks on a rotating disk.

The second pole piece layer has a pole tip portion which extends from the

_ABS to a flare point and a yoke portion which extends from the flare point to the

back gap. The flare point is where the second pole piece begins to widen (flare) to

form the yoke. The placement of the flare point directly affects the magnitude of the

‘write field seen at the recording medium. Since the magnetic flux decays as it travels

down the length of the second pole tip, more flux will reach the recording media if
the length of the second pole tip is made short. Therefore, optimal performance can
be achieved by aggressively placing the flare point close to the ABS so that the

second pole tip is made short.
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sgcond conponent recessed and connected to the first conponent over a flat
portion of a first insulation [ayer that defines ZTH 2. Descri ption of
the Rel ated Art An inductive wite head includes a coil |ayer
enbedded in first, second and third insulation layers (insulation stack),
the insul ation stack being sandw ched between-<irst and second pol e piece.

| ayers. A gap is fornmed between the first and second pole piece |layers by a
gap layer at an air bearing surface (ABS) of the wite head. The pol e piece
| ayers are connected at a back gap. Current gonducted to the coil |ayer

i nduces _.a nagnetic field across the gap between the pole pieces. This field -
fringes across the gap at the ‘ABS for the purpose of witing information in
tracks on noving nedia, such as in circular tracks on a rotatjng. disk.

The second. pol e pi edaothey parametenimpartant tthelesicp ofithe white headhisdhe logatiopof
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the second pole tip is ‘nade s _
further hinders post processing steps such as jon milling.

Unfortunately, the aforementioned design parameters present a dilemma in the
fabrication of the second pole tip. The second pole tip should be well-defined in
order to produce well-defined written tracks on the rotating disk. Poor definition of
the. second pole tip may result in overwriting of adjacent tracks. A well-defined
second pole tip should have parallel planar side walls which are perpendicular to the
horizontal plane of the first pole piece layer. In most write heads the second pole tip
is formed along with the yoke after the formation of the first insulation layer, the coil
layer and the second and third insulation layers. Each insulation layer includes a
hard-baked photoresist having a sloping front surface.

The sloping surface defines an apex angle which rises from a plane normal to
the ABS. After construction, the first, second and third insulation layers present
sloping surfaces which face the 'ABS. The sloping surfaces of the hard-bake resist
exhibit a high optical reflectivity. When the second pole tip and yoke are constructed,
a thick layer of photoresist is spun on top of the insulz'ltion layers and photo patterned

.- to shape the second pole tip, using the conventional photo-lithography technique. In
the photo-lithography step an exposing beam, such as light, is directed vertically
through slits in an opaque mask, exposing areas of the photoresisi which are to be

" removed by a subsequent development step. One of thé areas to be removed is the
area where the second pole piece (pole tip and yoke) are to be formed by plating.
Unfortunately, when the location of the flare point is placed on the sloping surfaces
of the insulaﬁon layers ultraviolet light will be reflected forward toward the ABS into

photoresist areas at the sides of the second pole tip area. After developing, the side
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-2 : Anot her paraneter inportant to the design of the wite head is
the location of the zero throat height (ZTH). Zero throat height is the

| ocation where the first and second pole pieces first separate from one
anot her after the ABS. The ZTH separation is caused by the contour of an
insul ation layer, typically the first insulatiom-layer in the insulation
stack. Flux |eakage between the first and second pole pieces is further

m nimzed by |ocating the ZTH as cl ose as possible to the ABS. Al so,

sl oping sides further hinders post processingssteps such as ion mlling.

Unfortunately,

the aforenenti oned design paraneters present a dilemma in

the fabrication of the second pole tip. The second pole tip shoul d be
wel | -defined in order to produce well-defined witten tracks on the

rotating disk.

meadls afethe photogesistfare cut which causes the pole tip to be poorly formed after
plating. This is called "reflective notching". As stated hereiﬁabove this causes
overwriting of adjacent tracks on a rotating disk. It should be evident that, if the flare
point is recessed far enough into the head, the effect of reflective notching would be
reduced or eliminated since it would occur behind the sloping surfaces. However, this
soiutioh produces a long second pole tip which quickly degrades the head’s ability to '
effectively write on the recording medium. )

Future high density recording will require heads with first and second pole tips
that have side walls that are vertically aligned. Such structures provide'superior“ on-
track and track edge writing characteristics at high linear and high track densities. Ion
milling techniques are typically used to fabricate such write head structures. In this
process the first pole is milled into using the second pole tip as a mask. Automatic
alignment of the first and second pole tip is achieved since the second pole tip is used
as the milling mask to protect the region of the first pole tip that is directly beneath
it while the unprotected P1 material on either side of the second pole tip P2 is
removéd by the milling process. The effect of this milling process forms a "notched
P1" structure which has the aligned vertical side walls between P1 and P2.
Unfortunately, when the second pole tip is poorly formed, the notches in the first pole
piece are poorly formed.

In order to overcome the aforementioned reflective notching and P1 notching

problems some second pole pieces are constructed from two or more components

" wherein a first component forms the second pole tip. The first component is

constructed before the insulation layers to eliminate the reflective notching problem.
After forming the first poie piece layer and the write gap layer, a photoresist layer is
spun on the partially completed head. The photoresist layer is very flat so that
ultraviolet light from the photo-patterning step is not reflected forward. After
construction of the first insulation layer, the coil layer and the second and third
insulation layers, the second component of the second pole piece is stitched to the first

component at the ABS, and extends from the ABS to the back gap. Since the second
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the second pole tip may result in overwiting of adjacent tracks. A

wel | -defined second pole tip should have parallel planar side walls which
are perpendicular to the horizontal plane of the first pole piece layer. In
nost wite heads the second pole tip is formed_along with the yoke after

the formation of the first insulation layer, the coil layer and the second
and third insulation |layers. Each insulation layer, includes a hard-baked
phot oresi st having a sloping front surface. The sl opi ng surface

defines an apex angle which rises froma plake normal to the ABS. After
construction, the first, second and third insulation |ayers present sl oping
surfaces which face the ABS. The sl oping surfaces of the hard-bake resi st

naees M . f R na _
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layers and phoAfiothat problesl vith thivheadtil ¢hat eeclTHo depdndent wison'de ibeation of the

conventional photo-l1thography technique. In the photo-lit hographé step an
exposi ng beamresessed end pf thetfirst gommm.eamétheiﬁra{wnpmbw%m ngrengugh
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pl ating. Unfortunately, when the |ocation of the flare point is placed on

t he sl oping subofstitels thef sachad icomponentote thefisstpeletpiess egraponenthThis icauges the

reflected forward foward.the ABS into, photoresisi argeas t sides of the
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component of the pole piece is typically wider than the first component of the pole

piece, viewed from the ABS, the second pole piece has a T-shape. The upright
portion of the T is the front edge of the first component of the second pole piece, and

the cross of the T is the front edge of the second component. A problem with this
configuration is observed during operation when flux fringes from the outer corners
of the sécond component of the pole piece T, to the first pole piece, which can cause
adjacent tracks to be overwritten.

. Accordingly, there is a strong felt need to proiride an inductive write head
wherein definition of the side walls of the second pole tip is substantially unaffected
by the locations of the flare point and the ZTH. | '

SUMMARY OF THE INVENTION

" The present invention permits the construction of a write head with a well-

formed second pole tip, without dependence upon the locations of the flare point.
... This is accomplished by several unique configurations of the write head. In all
configurations, the second pole piece layer includes first and second components. The
first component extends from an ABS end to a recessed end located in the yoke
region. The second component extends from a recessed end spaced from the ABS to
the back gap. The second component is connected to the first component in a stitched
region where the first component defines a pole tip in the pole tip region and the

second component defines the yoke in the yoke region.
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+3- walls of the photoresist are cut which causes the pole tip to be
poorly fornmed after plating. This is called "reflective notching". As

stat ed herei nabove this causes overwiting of adjacent tracks on a rotating
disk. It should be evident that, if the flare point is recessed far enough
into the head, the effect of reflective notching woul d be reduced or
elimnated since it would occur behind the sloping surfaces. However, this
sol ution produces a | ong second pole tip which quickly degrades the head's
ability to effectively wite on the recording nmedi uns Future high
density recording will require heads with fiTst and second pole tips that
have side walls that are vertically aligned. Such structures provide
superior on track and track edge witing characteristics at_high Iinear and
hi gh track densiti el anotherminiquenepndi oguthe fiskinsylatiom laygr haea relatively long

fabricate suc hpla\’\ﬁairtrggigg%gm%ern%‘fxggugteés i'oulngeci peicgssed end which is spaced from the ABS.
The apex of this rounded recessed end defines the ZTH. The flare point of the second
pole piece is located in this planar region. Since the region is planar, light is not
reflected forward; instead the light is reflected back to its source, thereby obviating
reflective notching. This permits the construction of a well-formed second pole tip.
Further, if the ZTH-defining insulation layer is kept thin, a start of the planar region
forms close to the ZTH. Therefore, the flare point can be placed on the planar region |
_very close to the ZTH to produce a very efficient write head. In this unique
configuration, the edge location of the first insulation layer defines the ZTH rather
than the length of the second pole tip. Therefore, a large real estate is made available:
to stitch the two compdnents of the second pole tip. The'large stitch region allows
the second component to be attached inside the head l;ehind the ABS. Therefore, the
recessed second component does not extend to the ABS. The ABS view does not
show the problematic T-shaped pole tip, théreby eliminating flux fringing from the
upright portion of the T. Since the second pole tip is well-formed the first pole piece
can be notched by ion milling to form well-defined notches in the first pole piece at
the ABS. Further, the second pole piece forms a mask to protect the write gap layer
during the ion milling step used to construct the coil layer. Several embodiments of
the head are provided. In one embodiment the first component defines the flare point
and in the second embodiment the second component defines the flare point.
An object of the present invention is to provide an inductive write head having
a well-formed second pole tip in which the flare point is relatively close to the ABS.
Still another object is to provide a method of making an inductive write head
where there is substantially no reflective notching of the side walls of a resist frame
formed to construct a second pole tip, even though the flare point is placed relatively

close to the ABS.
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ﬁ%ocess the first pole is mlled into using the second pole tip as a mask.
Aut omatic alignment of the first and second pole tip is achieved since the
second pole tip is used as the mlling mask to protect the region of the
first pole tip that is directly beneath it while the unprotected Pl
material on either side of the second pole tip-P2 is renoved by the mlling
process. The effect of this mlling process forns a "notched P1" structure
whi ch has the aligned vertical side walls between P1 and P2. Unfortunately,
when the second pole tip is poorly formed, ghe notches in the first pole

pi ece are poorly forned. In order to overcone the aforenentioned
reflective notching and P1 notching problens sonme second pol e pieces are
constructed fromtwo or nore conponents wherein a_first conmponent forns the

Isecond pol e tip. THaother objesbisorrmvideandpdiintive oyrdg hséf grhereindbe peRstEICtion
(75t pol e pi Se8 Y EHEChaeRad el B8 S AR ABERRLE Rrof e locfiofy 1, Sl e,

on the parti apdit.conpl eted head. The photoresist layer is very flat so that
ultraviolet I1ght fromthe photo-patterning step is not reflected forward.
After constructi onAofurtherobjeetis torpravideiasindugjive writhdead which has weHdformed

second and third insul atj on_layers, . he sec rRent of .t he,second l e
piece is stitt ?é&n{fée‘f%él Iqu? &%8'5% eﬁﬁ&?%c\%@? 15 Fesesed o relatvely s “r%g
ABS to the bagiktaedin thleHetd ifiin ¥ ABE and/or a flare point which is recessed a relatively
short distan_ce from the ZTH into the head._
Other objects and attendant advantages of the present invention will become

apparent upon reading the following description taken together with the accompanying
drawings. " '

BRIEF DESCRIPTION OF THE DRAWINGS .
Fig. 1 is a planar view ’of an exemplary magnetic disk drive;
Fig. 2 is an end view (trailing edge) of a slider taken along plane II-II showing
a magnetic head in hidden lines; '
Fig. 3 is an elevation view of the magnetic disk ,dri-ve of Fig. 1 wherein
multiple disks and magnetic heads are employed;
Fig. 4 is an elevation side view of a prior art magnetic head taken along plane
IV-IV of Fig. 2; |
Fig. 5is an ABS vier of the magnetic head of Fig. 4 taken along plane V-V;
Fig. 6 is an elevation side view of the prior art head in Fig. 4 in a partially
.-completed state; ' '
Fig. 7 is a planar view of the partially completed head shown in Fig. 6 with
the resist frame shown in phantom;
Fig. 8 is an isometric elevation view taken generally along plane VIII-VIII of
- Fig. 7 with the photoresist layer removed so as to show the first, second and third
insulation layers;
Fig. 9 is a cross-sectional elevation view of another prior art magnetic head;

Fig. 10 is a view taken along plane X-X of Fig. 9;
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-4- pole tip is well-fornmed, well-formed notches can be made in the first
pol e piece. Another problemwth this head is that the ZTH i s dependent
upon the location of the recessed end of the first conponent. Since the
first conponent has to be | ong enough to provide a sufficient stitching
area, this length may result in undesirable flux |eakage between the first
and second pol e pieces. Therefore, a small real estate is available to
stitch the second component to the first pole piece conponent. This causes
the second pol e piece conponent to extend ouf.into the ABS. Since the
second conponent of the pole piece is typically wider than the first
conponent of the pole piece, viewed fromthe ABS, the second pole piece has

a T-shape. The uprlg:g ortion of the Tjis the front edge of the first
conponent of the se &dblﬁ%cfﬂsé'é@tl%ﬁbs@ﬁé’l"d’%‘égﬁhe&@ invendionse front
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embodiment of the present invention;

Fig. 13 is a cross-sectional side viéw of the magnetic head shown in Fig. 11
in a partially completed condition;

Fig. 14 is a view taken along XIV-XIV of Fig. 13;

Fig. 15 is an isometric view of Fig. 13 with the photoresist layer removed so
as to show the first insulation layer; _

Fig. 16 is the same as Fig. 13 except the first component of the second pole
piece has been platéd and the photoresist layer has been removed;

Fig. 17 is a view taken along plane XVII-XVII of Fig. 16 prior to ion milling
of the first pole piece;

Fi!g. 18 is similar to Fig. 13 excépt .an insulation layer is formed before
forming the second pole tip;: |

| Fig. 19 is similar to Fig. 16 e_xcept the second pole tip has been formed after
formation of an insulation layer;

Fig. 20 is an ABS view of Fig. 11 taken along plane XX-XX of the completed
head after ion milling the first pole piece;

Fig. 21 schematically illustrates a shadowing effect when the first pole piece
is being notched by ion milling;

Fig. 22 is a cross-sectional elevation view of another embodiment of th:e

- present invention; '

Fig. 23 is a view taken along plane XXIII-XXIII of Fig. 22;

Fig. 24 is a cross-sectional side view of the magnetic head in Fig. 22 in a
partially completed condition;

| Fig. 25 is the same as Fig. 24 except the second pole tip has been plated and

the photoresist layer has been removed;

Fig. 26 is a view taken along plane XXVI-XXVI of Fig. 25 prior to ion
milling the first pole piece;
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of the second conponent of the pole piece T, to the first pole piece, which
can cause adjacent tracks to be overwitten. Accordingly, there is a
strong felt need to provide an inductive wite head wherein definition of
the side walls of the second pole tip is substantially unaffected by the

| ocations of the flare point and the ZTH. .- SUMVARY
OF THE | NVENTI ON The present invention permts the construction of a
wite head with a well- fornmed second pole tip, wthout dependence upon the
| ocations of the flare point. This is acco | i shed by several unique
configurations of the wite head. In all coffiguratians, the second pole -
pi ece layer includes first and second cOnponents The first conponent
extends froman ABS end to a recessed end | ocated in the yoke region. The

second conponent eFigBTsisfan0ABS viewaakenchlendplana XeVIIFXKVIhef ARS 2aftércion
back gap. The second conponent is connected to the first conponent in a
stitched regiBillingdias bepr emplayed:tonpaieh the st PolePiecS o0l e tip in the pole

tip region and theggecgnd, BN oHEH: MRthiiSn ¥R i Wbt fariE thobtep

of notching the first pole piece of the second embodiment by ion milling;

Fig. 29 is a cross-sectional side view of a third embodiment of the present
invention;

-Fig. 30 is a top view of F1g 29 illustrating the third embodlment modified by
the first embodiment of the present invention; and

Fig. 31 is a top view of Fig. 29 showing the third embodiment modified by

the second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views there is illustrated in Figs. 1 and 2 a
magnetic disk drive 30. The drive 30 includes a spindle 32 which supports and rotates
a magneﬁc disk 34. The spindle 32 is rotated by a motor 36 controlled by motor _
controller 38. A magnetic head 40, which may be a merged MR head for recording
and'reac.iing information on the disk 34, is mounted on a slider 42 which, in turn, is
supported by a suspension 43 and actuator arm 44. A plurality of disks, sliders and
suspensions may be employed in a large capacity direct access storage device (DASD)
as shown in Fig. 3. The suspension 43 and actuator arm 44 position the slider 42 to
place the magnetic head 40 in a transducing relationship with" a. surface of the
magnetic disk 34. When the disk 34 is rotated by the motor 36, the slider is
supported on a thin (typically, .075 gm) cushion of air (air bearing) by the air bearing
 surface (ABS) 46. The magnetic head 40 is then employed for writing information
to multiple circular tracks on the surface of the disk 44 and for reading information
therefrom. Processing circuitry 48 exchanges signals representing such information

with the head 40, provides motor drive signals, and also provides control signals for
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Ln anot her uni que configuration, the first insulation |ayer has a
relatively long planar region comencing at a rounded recessed end which is
spaced fromthe ABS. The apex of this rounded recessed end defines the ZTH.
The flare point of the second pole piece is located in this planar region.
Since the region is planar, light is not reflected forward; instead the
l-ight is reflected back to its source, thereby obviating reflective
notching. This pernits the construction of a well-fornmed second pole tip.
Further, if the ZTH-defining insulation Iayﬁf-is kept thin, a start of the
pl anar region forns close to the ZTH Therefore, the flare point can be )
pl aced on the planar region very close fo the ZTH to produce a very
efficient wite head. In this unique configuration, the edge location of
the first insooxingthel slider tol ohrioes tratks. ZIfishoulde undexstood ¢hat che thead 40t inay

Sti teh { et vBN BN SHAloYHECe sRass e CFiYe (HHESloNe (it ch regi on
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40 which has a write head portion and a read head portion. The read head portion of -
the merged MR head includes an MR sensor 52 sandwiched between first and second
gap layers 54 and 56, the first and second gap layers, in turn, being sandwiched
between first and second shield layers 58 and 60. In response to external magnetic
fields, the resistance of the MR sensor 52 changes. A sense current conducted through
the MR sensor causes these changes to be manifested as potential changes. These
potential changes are processed by the processing circuitry 48 shown in Fig. 3.

The write head portion of the head includes a coil layer 64 sandwiched
between first and second insulation layers 66 and 68. A third insuiation layer 70 may
bé employed for planarfzing the head to eliminate ripples in the second insulation
layer caused by the coil layer 64. The coil layer 64, and the first, second and third
insulation layers 66, 68 and 70 are sandwiched between first and second pole piece
layers 72 and 74. The first and second pole piece layers 72 and 74 are separated by
a write- gap layer 76 at the ABS and are maghetiéally coupled at a back gap (not
shown) which is spaced from the ABS. As shown in Fig. 4, the second pole piece
layer 74 has a pole tip 80 and a yoke 82, the merging of these components being
defined by a flare point 84 which is the location where the second pole piece layer 74
begins to widen as it recesses in the head. The second pole tip 80 extends from the

.-ABS to the flare point 84, and the yoke extends from the flare pdint 84 to the back
gap. See also Fig. 7 for the location of pole tip 80', yoke 82’ and flare point 84" as
defined by a resist frame. It should be noted that the merged MR head 40 employs
a single layer 60/72 to serve a double function as a second shield layer for the read
head and as a first pole piece for the write head. A piggyback MR head employs two

separate layers for these functions;



. recessed second conponent does not extend to the ABS. The ABS vi ew does not
show the problematic T-shaped pole tip, thereby elimnating flux fringing
-fromthe upright portion of the T. Since the second pole tip is well-forned
the first pole piece can be notched by ion mlling to formwell-defined
notches in the first pole piece at the ABS. Further, the second pol e piece
forms a nmask to protect the wite gap |ayer during the ion mlling step
used to construct the coil |ayer. Several enbodinents of the head are
provided. In one enbodinment the first conpgonent defines the flare point and
in the second enbodi nent the second conponent defines the flare point.

An object of the present invention is to provide an I nductive wite head
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ABS. that it will saturate in response to flux from the coil layer 64. In the past it has been
difficult to locate the flare point closer to the ABS than 10 pm because of a
fabrication problem in making the second pole tip 80.

Another important design parameter in making the write head portion is the
location of a zero throat height (ZTH), which is where the first and second pole piece -
layers 72 and 74 first separate from one another behind the ABS. It is important to
locate the ZTH as close as possible to the ABS (typically within about 1 gm) in order
to reduce the flux loss between the pole pieces 70 and 74 before the fields reach the
gap layer 76 at the ABS. In the prior art, locating the ZTH close to the ABS
contributed to the aforementioned problem of fabricating a well-defined second pole
tip 80. Accordingly, the prior art was faced with a trade-off between constructing a
well-defined second pole tip 80 with the zero throat height located far from the ABS,
or a pootly defined pole tip with the zero throat height located close to the ABS.

Fig. 6 shows the prior art head of Fig. 4 during the step of constructing the
second pole piece 74 (see Fig. 4). In Fig. 6 the first, second and third insulation
layers 66, 68 and 70 are shown with sloping surfaces 90, 92 and 94 respectively,
which terminate at apexes 96, 98 and 100 respectively. As stated hereinabove, the
first, second and third insulation layers are hard-baked photoresist which results in the

_..sloping surfaces 90, 92 and 94 being highly reflective to light. "All of the sloping
surfaces 90, 92 and 94 face the pole tip region where the second pole tip of the
second pole piece 74 is to be formed. The second pole piece is formed with a
photoresist layer 102 spun on top of the partially' completed head and planarized
thereacross. The height h or the photoresist may be as much as 12 um thick in the -
pole tip region and is typically approximately 4.5 pm thick above the third insulation

layer.



V- 6- : Anot her object is to provide an inductive wite head wherein
the construction of a well-fornmed second pole tip is not dependent upon the
| ocations of the flare point. A further object is to provide an
i nductive wite head which has well-formed first and second pol e pieces at
the ABS, a ZTH which is recessed a relatively short distance in the head
fromthe ABS and/or a flare point which is recessed a relatively short
di stance fromthe ZTH into t he head. QO her objects and attendant
advant ages of the present invention wll| -bkcone apparent upon reading the -
foll owng description taken together with the acconpanying draw ngs.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a planar view of an

crermary Teanet | Syb e fkoi o4 of 05 fordl A5 S ol L 09 €0
l'ines; 8) is located on the sloping surfaces of the insulation layers, light will be reflected
forward toward the ABS into the photoresist 102 from thé sloping surfaces,
penetrating into photoresist side wall areas of the pole tip region and causing notching
of the photoresist. This will result in the side walls of the photoresist in the pole tip
region-being wider than the mask employed for patterning. This is referred to as
"reflective notching” and is illustrated in Fig. 7. The photoresist pattern for the
second pole piece is shown at 74’ which comprises the pole tip pattern 80’ and the
yoke pattern 82'. This is referred to as the "P2 frame". Reflective notching of the
photoresist 102 by light reflected at an angle of incidence from the sloping layers of
the insulation layers is shown at 104 and 106. As indicated by the notation "A" in

Figs. 7 and 8, when light is directed downwardly during the photo-imaging step of the _
photoresist, it is reflected at an angle of incidence into the pole tip region without
causing any reflective notching of the second pole tip. However, notation "B" shows;
light from the photo-imaging process reflected from the sloping surfaces of the
insulation layers behind the flare point 84, which causes the light to be reflected By
an angle of incidence into the photoresist 102 along a side of the intended pole tip 80
shown in Fig. 7. It is light reflection B and similar light reflections that cause the
reflective notching shown in Fig. 7. When the second pole piece 74 is plated and the
photoresist layer 102 is removed the head is complete, as shown in Fig. 4. However,
the pole tip 80 is poorly formed, exhibiting irregular side walls 108 and 110, as shown
.in Fig. 5. Furthermore, photoresist notching results in irregular second pole tip 80
that has wider areas at the upper pole tip region than at the base of the pole tip
(adjacent to the write gap). When such irregular second pole tip 80 is used as a
* milling mask to notch into the first pole tip 72, the wider regions on the second pole
tip shadows milling beam. Thus, the milling process is less effective at removing the
first pole tip material directly beneath the side walls of the second pole tip. This
results in a poorly formed P1 notched write head structure due to incomplete notching

of the first pole piece 72.
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Fig. 3 is an elevation view of the magnetic disk drive of Fig. 1 wherein

mul tiple disks and magnetic heads are enpl oyed; Fig. 4 is an _
el evation side view of a prior art magnetic head taken al ong plane IV-1V of
Fig. 2; Fig. 5is an ABS view of the magnetic head of Fig. 4 taken

al ong pl ane V-V, Fig. 6 is an elevation side view of the prior art
head in Fig. 4 in a partially conpleted state; Fig. 7 is a planar
view of the partially conpleted head shown in Fig. 6 with the resist frane
shown in phantom Fig. 8 is an isongpric elevation view taken

generally along plane VIII-VIII of Fig..7 with the photoresist |ayer
renoved so as to show the first, second and third insul ation |ayers;
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art head shown in Fig. 4 except that the second pole piece 112 is constructed of first
and second components 114 and 116. The first compdnent 114 is constructed at the
ABS before the formation of the first, second and third insulation layers 118, 120 and
122 and the coil layer 124. In this structure, the photo-lithography step to produce
the first component of the second pole piece 114 is done right after the write gap 76
is formed. At this stage the surface is planar since the sloping resist structures have
not yet been formed. Therefore, the first component of the pole tip 114 can be
constructed with well-defined side walls 126 and 128, as shown in Fig. 10. Further,
the well-defined second pole tip 114 permits well-defined notching of the first pole
piece 72, as shown in Fig. 17. After construction of the first component. 114, the first

..insulation layer 118 is formed, the coil layer 124 is formed on the first insulation
layer, the second insulation layer is formed on the coil layer 124 and the first
insulation layer 118, and the third insulation layer 122 is formed on the second
insulation layer 120. Thereafter, the photoresist layer (not shown) is photo-imaged
for the construction of the second component 116 from the ABS to the back gap (not
shown). The ABS view in Fig. 10 shows the second component 116 which, with the
first component 114, results in the second pole tip at the ABS as having a "T"
configuration.  Unfortunately, flux fringes between the first and the second
components 114 and 116, as shown by the flux lines in Fig. 10, cause overwriting of
adjacent tracks on a rotating magnetic disk. The present invéntion overcomes the

.. overwriting problems manifest in the prior art magnetic heads shown in Figs. 4 and
9 and permits. greater flexibility in the locations of the flare point.

Fig. 11 illustrates a first embodiment 130 of the present invention. In the same
manner as the prior art heads, this inductive write head has an MR sensor 52 which
is sandwiched between first and second gap layers 54 and 56 which are, in turn,
sandwiched between first and second shield layers 58 and 60. A write gap layer 132
is formed on top of the second shield layer and first pole piece layer 60/72. On top

of the write gap layer 132 is a first insulation layer 134 which has a sloping surface
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oo 1~ Fig. 11 is a cross-sectional side view of the present

I nventi on; Fig. 12 is a view taken along plane XII-XII of Fig. 11
showing a first enbodi ment of the present invention; Fig. 13 is a
cross-sectional side view of the nmagnetic head shown in Fig. 11 in a
partially conpleted condition; . Fig. 14-is a view taken along XIV-XIV
of Fig. 13; Fig. 15 is an isonetric view of Fig. 13 with the

phot oresi st | ayer renoved so as to show the first insulation |ayer,

Fig. 16 is the same as Fig. 13 except the first conmponent of the second
polLe piece has been plated and the phot_oreﬁ‘st | ayer has been renoved;
Fig. 17 is a view taken along plane XVII-XVIl of Fig. 16 prior to ion
mlling of the first pole piece; Fig. 18 is simlar to Fig. 13

except an i n3gka{HioN coRiRhceSat| £f dpedt 138! TR sloping B@fidect 3gcRoathpi BS! IThe
Fig. 19 is simlar to Fig. 16 excéept the second pole tlﬁ) has been forned
after format secondf pela pineti|140i bas (fiasteand second components 142 and 144, the first

component 142 extending from an ABS end 146 to a recessed end 148 located in the
yoke region. The second component 144 extends from a recessed end 150, spaced
from the ABS, to a back gap 152 where the first and second pole pieces 72 and 140
are connected. The second component 144 interfaces with the first component 142
in a stitched region 154 so that the first component defines a pole tip in a pole tip
region and the second component defines a yoke in the yoke region. The first
insulation layer 134 extends from its recessed end (apex 38) into the yoke region.
The apex 138 of the first insulaﬁon layer 134 defines the ZTH. If desired, a
supplemental first insulation layer 156 may'be formed on top of the first insulation
. layer 134 so that it abuts the recessed end 148 of the first component 142. The coil
layer 158 is formed on top of the supplemental first insulation layer 156 and é second
insulation layer 160 is formed on top of the coil layer 158 and the supplemental first
insulation layer 156. A third insulation layer 162 may be formed on top of the second
insulation .layer 160 in order to planarize the head.
In the first embodiment 130 the first component 142 defines the flare point
. position 170, as shown in Fig. 12. The first component has a flared surface which
extends from the flare point into the yoke region and the second component 144 has
a flared surface which is recessed from the flare point 170. It is these two surfaces
that interface one another and are stitched at 154, as shown in Figs. 11 and 12. In
- this embodiment, the flare point can be very accurately located by éatterning the first
component 142 with its flared portion. In this embodiment, a second pole tip 164 is
formed which has well-defined side walls 166 and 168, as shown in Fig. 18. The
second component 144 does not appear in the ABS view of Fig. 18 since it is recessed
in the head. Accordingly, there is ﬁo overwriting due to flux fringing between the
second pole piece components, which is a problem with the prior art head 110, as

shown in Fig. 10. Also of significance is that the second pole tip 164 is constructed



sFig. 20 is an ABS vi ew of Fi g. 11 taken al ong plane XX- XX of the conpl eted

head after ion mlling the first pole piece; Fig. 21 schematically
illustrates a shadow ng effect when the first pole piece is being notched
by ion mlling; Fig. 22 is a cross-sectional elevation view of

anot her enbodi nent of the present invention; ™ Fig. 23 is a view taken
along plane XII-XXIl of Fig. 22 Fig. 24 is a cross-sectional side

view of the nmagnetic head in Fig. 22 in a partially conpleted condition;
Fig. 25 is the same as Fig. 24 except the.second pole tip has been plated
and the photoresist |ayer has been renoved, Fig. 26 is a view taken
al ong plane XXVI-XXVI of Fig. 25 prior toion mlling the first pole piece;

without the aforementioned reflective notching problem, since the second component
of the pole piece 144 is processed on the planar region of the first pole tip 142.
The construction of the first embodiment of the present invention is shown in
. Figs. 13-17. In Fig. 13 a photoresist layer 171 is shown spun on top of the write gap
layer 132 and the first insulation layer 134. It can be seen from Figs. 13 and 15 that
the first insulation layer 134 has a large pianar region 162 behind its sloping portion
136. In comparison with the photoresist layer 102 in F xg 6, it can be seen that the - '
photoresist layer 171 in Fig. 13 is more uniform in its height because of this planar
region 162. While the preferred thickness of the. first insulation layer 134 is four
times the thickness of the write gap layer 132 it may be as thin as the write gap-layer
132. Since the flared region of the second pole piece 140 (see Fig. 12) commencing
" at the flare point 170 is located within the planar region 162 of the first insulation
layer 134, all light photo-imaging the photoresist layer 171 will be reflected back to
" jts source, as shown by notations "B" and "C" in Fig. 15. Lfght reflected from the
sloping surface 136 of the first insulation layer will be reflected by an angle of
incidence directly into the pole tip region without any reflective notching, since the
_ flare point 170 is recessed from this location. Accordingly, with the present invention
there is no reflective notching of the second pole tip. The pole tip is formed with
well-defined side walls 166 and 168, as shown in Fig. 17, which are parallel with
respect to one another and perpendicular to the plane of the first pole piece. After
photo-imaging and developing the resist layer 171, the first component 142 is plated
_and the resist layer 171 is removed,'as shown in Fig. 16. If desired one or more
insulation layers 173 may be deposited with or without coil layers before the second
pole tip is formed as shown in Fig. 18. Fig. 18 also shows the photoresist layer 171
deposited which will be patterned as shown in Figs. 14 and 15. The second pole tip
142 is then plated and the photoresist layer 171 is removed as shown in Fig. 19. It
should be noted that the one or more ins-ulation layers 171 will not cause reflective
notching of the pole tip region since the light exposure is confined to the planar region

of the first insulation layer 132. An ABS view of Fig. 18 will look like Fig. 17.



¢- 8- Fig. 27 is an ABS view taken al ong plane XXVII1-XXVII of Fig.

22 after ion mlling has been enployed to notch the first pole piece;

Fig. 28 is a schematic isonetric illustration showi ng shadow ng during the
step of notching the first pole piece of the second enbodi nent by ion
mlling; Fig. 29 is a cross-sectional “side view of a third

enbodi nent of the present invention; Fig. 30 is a top view of Fig.

29 illustrating the third enbodi ment nodified by the first enbodi nent of

t he present invention; and Fig. 31 ijg.a top view of Fig. 29 showi ng .
the third-enbodi nent nDdlfled by the secon& embodi nent of the pr esent

i nventi on.  DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Referring now to the drawi ngs wherein |ike reference nuperal s desi g%nate

like or simlar pain ElgShZ‘ba@ththﬂh@ sheva2n/ior, milling sten for netching the tisipple n
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a notor 36 cofherfirkt pole E:Yed%&b(b?eate the notching. The ion milling angle varies between 10°
to 80° from a vertical while the wafer upon which the magnetic head is located is
rotated about a vertical axis. This inhibits the milling beam to reach the notching
region of the first pole piece 60/72 on each side of the poie tip 146, one of the
shadowed regions being shown at 176, due to the flared region of the -second
component 142 behind the pole tip 146. The second embodiment of the invention,
to be described hereinafter, has an advantage over the first embodiment in that the
shadowing 176 shown in Fig. 21 is reduced.

The second embodiment 180 of the present invention is shown in Fig. 22. The
only difference in the second embodiment 180 over the first embodiment 130 are the
configurations of the first and se'cond components 182 and 184 of the second pole
piece 186, as shown in Fig. 23. The first component has parallel side walls 187 and
188 extending from its ABS end 190 to its recessed end 1_92. Accordingly, the first
component 182 is a2 long siender rectangulér element in contrast to the flared
component 144 shown in Fig. 12. The second component 184 has a recessed end 194
which is spaced from the ABS. The second component 184 preferably has a width
at its recessed end 194 which is wider than the first component 182 so that when the
second component 184 is stitched to the first cpmpon_eht 182 at 196 the recessed end
194 of the second component 184 defines the flare point 198. Accordingly, in the

- second embodiment. 180 the second component 184 defines ih_e flare point 198
whereas in the first embodiment 130 the first component 144 defines the flare point.
The construction of the second component 182 is shown in Figs. 24 and 25. In Fig.
24 a photoresist layer 200 is spun on top of the write gap layer 132 and the first
insulation layer 134. The photoresist layer 200 has a substantially unifonﬂ thickness
similar to that shown in Fig. 16. Reflective notching is not present because of the
planar region 162 and the location of the flare point 198. After plating the first

component 182 and the removal of the photoresist layer, the second component 184



¢ controller 38. A magnetic head 40, which nmay be a nerged MR head for
recordi ng and reading information on the disk 34, is nounted on a slider 42
which, in turn, is supported by a suspension 43 and actuator arm 44. A
plurality of disks, sliders and suspensions nmay be enployed in a |arge
capacity-direct access storage device (DASD) as shown in Fig. 3. The
suspension 43 and actuator arm 44 position the slider 42 to place the
magneti c head 40 in a transducing relationship with a surface of the
magneti c di sk 34. Wien the disk 34 is rafjgted by the notor 36, the slider.
I's supported on a thin (typically, .075 [err]m cushion of air (air
bearing) by the air bearing surface (ABS) 46. The magnetic head 40 is then
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provides notor drive signals, and also provides control signals. fo
another and perpend1cu1ar to the ABS. In Figs. 27 and 28, ion milling is employed
to notch the first pole piece at 202 and 204, as seen in Fig. 27. Again the ion milling
angle varies between 10° to 80° to the vertical and results in the shadowing at 206,
as shown in Fig. 28. This is less of a shadow than shadow 176 in Fig. 21, since there
is no flared portion of the first component 182. Accordihgly, the notches 202 and 204
in Fig. 27 will form with less inilling than the notches 172 and 174 in Fig. 20.
_ A third embodiment 210 of the present invention is illustrated in Fig. 29. This
embodiment differs from the embodiments 130 and 180, shown in Figs. 11 and 22,
in that the embodiment 210 locates the coil layer 158 directly on the first insulation
| layer 134. This saves the step of constructing a supplemental first insulation layer,
as shown in the first and second embodiments. This third embodiment may employ
either of the features of the first and second embodiments, as shown in Figs. 30 and
31. '
It should be noted that the thickness of the photoresist layer 171 in the present
embodiment (Figs. 13, 18 and 24) is less than the thickness of the prior art photoresist
layer 102 in Fig. 6. This permits the second pole tip to have a lower height and a
narrower track width for higher density recording.
Clearly, other embodiments and meodifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
_.invention is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with thé above

specification and accompanying drawings.



£-9- noving the slider to various tracks. It should be understood that the
head 40 may alternatively be enployed in a magnetic tape drive (not shown).
Fig. 4 is a side cross-sectional elevation view of a prior art nmerged M
head 40 which has a wite head portion and a read head portion. The read

between first and second gap | ayers 54 and 56, the first and second gap

| ayers, in turn, being sandw ched between first andhi HdslédthJ; cédayer s 58
and 60. In response to external rragnetic_?jl_el ds, t hi ﬁ the MR
sensor 52 changes. A sense current conducfed thraoug causes
these changes to be manifested as potential changes. These potentlal

~ changes are processed by the processi n‘g: circuitry 48 shown i:n Fig. 3.

The wite head portion of the head i ncCLMMS coil |ayer 64 sandw ched

bet ween first anqﬁge@ gglv#_nsul ation layers 66 and 68. A third insulation

| ayer 70 nay be e @ *or planarizing the head to.-elimnate ripples in
the second insulation |ayer caused by the coil |ayer 64. The coil |ayer 64,
and the first, second and third insulation |ayers 66, 68 and 70 are

sandwi ched bet vedn firAp induttivecwritt headeayingce poleytip segion donated betpreenfany st

d d I d,74 d b
70"at the ABS ting sbeiid FaBS) anfa Bar ru. 3R 8 IE gl ofioed St A o
i s spaced fm%t%a&%k%"‘@oﬁaﬁnﬁhﬁ 4, the second pole piece

first and second pole pxece layers, the second pole p1ece layer having first and

second components;
the first component extending from an ABS end, which is located at said ABS,
toa recéssed end, which is located in the yoke region;
the second component extending from a recessed end, which is spaced from
the ABS, to said back gap;
the second compc;nent interfacing the first component in a stitched region so
- that the first component defines a pole tip in the pole tip region and the second
component defines at least a portioﬂ of a yoke in the yoke region;
~ a first insulation layer extending from a recessed end, spaced from the ABS,
into said yoke region, the recessed end of the first insulation layer defining a zero
throat height; and | '
the first. component being sandwiched between the first insulation layer and the

second component.

2. A magnetic disk drive including the head of claim 1, the drive
comprising:

a frame;

a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the head in a transducing
relationship with respect to the magnetic disk;

means for rotating the magnetic disk;
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:xlayer 74 has a pole tip 80 and a yoke 82, the nerging of these conponents
being defined by a flare point 84 which is the |ocation where the second
pol e piece layer 74 begins to widen as it recesses in the head. The second
pole tip 80 extends fromthe ABS to the flare p0|nt 84, an

extends fromthe flare point 84 to the back “gap. @ﬁﬁsﬁéﬁﬂs ! i or t he

| ocation of pole tip 80", yoke 82' and flare point by Ta
resist frame. It should be noted that the mer ged bgﬂﬂ
single layer 60/72 to serve a double functlon as a | ayer for.

ys a
the read head and as a first pole piece tH the wite head. A pi ggyback MR
head enpl oys two separate |ayers for these functions.
-10- _

the support including positioning means for moving the head to multiple

positions with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk, and
to the positioning means for exchanging signals with the head, for controlling rotation
of the magnetic disk and for controlling the position of the head.

3. ‘A drive as claimed in claim 2, including a combmed head, the
combined head including said write head and a read head, the read head comprising:

a magnetoresistive (MR) sensor and first-and second gap layers;

the MR sensor being sandwiched between the first and second gap layers;

first and second shield layers; and

the first and second gap layers being sandwiched between the first and second
shield layers.

4, A write head as claimed in claim 1, wherein the recessed end of the

first insulation layer is located between the ABS and the flare point.

5. A write head as claimed in claim 1, wherein the first component has

substantially vertical side walls in the pole tip region.

6. A write head as claimed in clalm 1, including:
an insulation stack located in the yoke region, the 1nsulat10n stack being
sandwiched between the first pole piece layer and said second component and having
~a recessed end which is spaced from said ABS; and
the recessed end of the first component engaging the recessed end of the

insulation stack.

7. A write head as claimed in claim 1, wherein the coil layer interfaces

the first insulation layer.
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¢« The location of the flare point 84, shown in Figs. 4, 7 and 8, is an

i nportant design paraneter of the wite head. The further this point is
recessed into the head, the longer the pole tip 80, which—ncreases—its—
magneti c i nductance and the |ikelihood that it wll satyr én [esponse to
flux fromthe coil layer 64. In the past it -has been cch Replagedat
the flare point closer to the ABS than 10 [err] m beca H ation
probl emin nmaking the second pole tip 80. Ano desi gn
parameter in making the wite head portiQplis the location of a zero throat
hei ght (ZTH) which is where the first and second pole piece |ayers 72 and
74 first separate from one ‘another behind the ABS. It is inportant to

| ocate the ZTH as cl ose as possible to the ABS (typically within about 1
[err]m in order %o reftuwidte hpadras plaimeddn slaimebnENdNg| & pi eces 70 and 74

before the field e 7 ARS F 1~|]§]1] [ Qr . x

| ocati ng the ZTHSt](%% g@%ﬁatﬁ% ﬁggm%t%pggpg%&tlo the a %ﬁ%‘ng%e?o%vg‘{ 1
probl em of fafdvichéd b@weenahéd fidefinndatiomelapeardandothe coildapét. Accordingly, the
prior art was faced with a trade-off between constructing a well-defined

second pole tip 80 with the zero throat height located far fromthe ABS, or
a poorly definedgoole fip.w t A . t ' ocated close to the
ABS. Fi g.9?6 sf‘év‘\g“yh%eg&qggcrﬁge? l‘%}ea!a o]f’q%l:lga.{ngk during the step of
constructing the thefigitpold®piecoil@fes béthg(fste Fig. 4). In Fig. 6 the first,
second and third insulation layers 66, 68 and 70 are shown with sl oping

surfaces 90, 92 arwritgapelayestandel y, which terminate at apexes 96, 98 and

100 1 eepect i vel vy iy AR BE AR et Bl ko R o i

piece layer and the first component and a second portion of the write gap layer being

sandwiched between the first pole piece layer and the first insulation layer.

10. A combined read and write head including the write head of claim 9,
and further comprising: i

a magnetoresistive sensor sandwiched between first and secondig'ap layers and
the first and Se_cond gap layers being sandwiched between first and second shield
la}.'ers; and

the second shield layer and the first pole piece layer being a common layer.

11. A write head as claimed in claim 1, including:
. the first insulation layer having a sloping surface at its recessed end and the
first insulation layer being flat as it extends from its sloping surface into the yoke

.. region.

12. A write head as claimed in claim 11, including:

the first component having a flared surface which extends from the flare point
into said yoke region; _

the second component having a flared surface which is recessed from the ABS;

and

[T
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v .sloping surfaces 90, 92 and 94 being highly reflective to light. Al of
the sloping surfaces 90, 92 and 94 face the pole tip region where the

second pol e ti p—of—the-second pole piece 74 is-to be forned. The second

pol e ‘piece is forrred with a photoresist |ayer 102 spun on top of the
partially conpl eaerp ¢eanari zed t hereacross. The height h or the
phot or esi st may 12 [err]mthick in the pole tip region and is
typi cal ly approx| r=r] m t hi ck above the third insulation | ayer.

Since the flare point 84 o e second pglge piece 74 (shown in Figs. 4, 7.
and - . '

said interfacing comprising the flared surfaces of the first and second

components interfacing one another in said stitched region.

13. A write head as claimed in claim 12, wherein the first component has
parallel side walls which are substantially pérpendicﬁlar to the ABS and which are

located entirely between the ABS and the recessed end of the second component.

14, A write head as claimed in claim 13, including: |
the recessed end of the first insulation layer being located between the ABS

and the flare point.

15. . A write head as claimed in claim 14, including:

an insulation stack located in the yoké region, the insulation stack being
sandwiched between the first pole piece layer and said second component and having
a reéessed end whiéh is spaced from said ABS; and

the recessed end of the first component engaging the recessed end of the

insulation stack.

16. A write head as claimed in claim 15, wherein the coil layer interfaces

the first insulation layer.

17. A write head as élaimed in claim 16, incluciing:

the first pole piece layer being flat;

a write gap layer; and

a first portion of the write gap layer being sandwiched between the first pole
piece layer and the first component and a second portion of the write gap layer being

sandwiched between the first pole piece layer and the first insulation layer.

i
T+ ¢ L M s %



+ 8) is located on the sloping surfaces of the insulation layers, light wll

be reflected forward toward the ABS into the photoresist 102 fromthe
sI opi ng surfaces penetrating into photoresist side wall areas of the pole

tip region and m @ﬁm amd&ﬂhkmg of the photoresist. This will result in the
side walls of. in the pole tip region being wider than the
mask enployed This is referred to as "refl ective notching"
and is illustrate |n The photoresist pattern for the second pol e
piece is shown at 74 mhlch conprlses t he_ gole tip pattern 80" and the yoke
pattern 82'. This is referred to as the " frame". Reflective notching of
t he photoresist 102 by light reflected at an angle of incidence fromthe

sloping layers of the insulation layers is shown at 104 and 106. As
i ndi cated by the Hbt at Aowritenheadhastlgi ed7ma¢1am317mm}udmgght is directed

ol locted at an Skl BBRAPR St batnd b Subespeiil By PEleRhn ekt Bristudsi ng

any refl ect iggdwithedibBsveath thBirsemanaten| efh@dtﬂéowmyrnot ation "B" shows
i ght fromthe photo-inmagi ng process reflected fromthe sloping surfaces of

the insulation |ayers behind the flare point 84, which causes the light to
be reflected by angl e dence t.he.phot oresi st 102 al ong a side
of the intended W&hﬁo &W% cl ﬁ R‘1 it reflection B and
simlar |ight reftheqir tgiéde béHg eotaneaaeiﬂeeﬁesve it A hd3Gubbanfially e 9

" 7. Wen the second pole p| ce 74 |s pl ated and the photoresi-st layer” 102 is
removed t he shmedvidth a&ﬁmﬁtﬂcomonm\mﬁmABSg 4. However, the pole tip 80

is poorly fornmed, exhibiting irregular side walls 108 and 110, as shown in
Fig. 5. Furthernore, photoresist notching results in irregular second pole

tip 80 that has wgder angAg Rdad ACclHi inRMiA 17,AntRAify? than at the base
of the pole tip -
: the first insulation layer having a yoke portion which extends throughout the

yoke region, the yoke portion of the first insulation layer being flat.

2. A magnetiic disk drive including the head of claim 20, .the drive

comprising: ' -
- frame;

a magnetic disk rotatably supported on the frame;

a supporf mounted on the frame for supporting the head in a transducing
relationship with respect to the magnetic disk;

means for rotating the magnetic disk;

- the support including positioning means for moving the head to multiple

positions with respect to said magnetic disk; and

means connected to the head, to the means for rotating the :magnetic disk, and
to the positioning means for exchanging signals with the head, for controlling rotation

of the. magnetic disk and for controlling the position of the head.

22. A drive as claimed in claim 21, including a combined head, the
combined head including said write head and a read head, the read head comprising:
a magnetoresistive (MR) sensor and first and second gap layers;

the MR sensor being sandwiched between the first and second gap layers;
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. (adjacent to the wite gap). Wen such irregular second pole tip 80 is used
as a mlling mask to notch into the first pole tip 72, the wi der regions on

the second pole tip shadows m|ling beam Thus, the—mtHngprocess-is |ess
effective at renoving the first pole tip materi al d're%tlﬁ beneat h the side

wal I's of the second pole tip. This results in a poo e Replaesdchgd
pi ece 72.
whi ch is

wite head structure due to inconplete notching of t
--12- Anot her prior art head 110 is illustra

simlar to the prior art head shown in Fig, 4 except that the second pole
piece 112 is constructed of first . .

first and second shield layers; and
the first and second gap layers being sandwiched between the first and second
_ shield layers.

23. A write head as claimed in claim 11, including:
at least a portion of the first component extending from the ABS having
parallel side walls which are substantially perpeﬁdicular to the ABS and are spaced
from one another by a width; : |
the recessed end of the second component having a width which is greater than
the width of said at least a portion of the first component; and
. the recessed end of the second component overlapping said at least a portion
of the first component so that the recessed end of the second component defines said

flare point.

24. A write head as claimed in claim 23, wherein the parallel side walls of
the first component extend from the ABS end to the recessed end of the first

component.

25. A write head as claimed in claim 24, wherein the recessed end of the

first insulation layer is located between the ABS and the flare point.

26. A write head as claimed in claim 25, including:
an insulation stack located in the yoke region, the insulation stack being
sandwiched between the first pole piece layer and said second component and having
" a recessed end which is spaced from said ABS; and
the recessed end of the first component engaging the recessed end of the

insulation stack.
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and second components 114 and 116. The first conponent 114 is constructed
at the ABS before the formation of the first, secend-and-third-insulation

| ayers 118, 120 and 122 and the coil |ayer 124. In this structure, the
phot o-1i t hography step to produce the first conp et ghd pol e
piece 114 is done right after the wite gap 76 is m s stage the
surface is planar since the sloping resist struct et been
formed. Therefore, the first conponent of the poIe tip 114 can be
constructed with well-defined side walls 12§ and 128, as shown in Fig. 10.
Further, the well-defined second pole tip 114 pernits well-defined notching
of the first pole piece 72, as shown in Fig 17. After construction of t he
first conponent 114, the flrs i nsul atio 18 is. f t he, coi

| ayer 124 is for med/on #h¥THE }’Eﬁd %@a&r%&ffwﬁlgy% Wh?f@“b@f&?ﬁ layer inig a&ﬁs

| ayer is fornﬁg il 338+hf}?yer 124 and the flrst I nsul ation | ayer 118,
and the third Tnasula er 122 is formed on the second insul ation |ayer
120. Thereafter, the photoresist |ayer (not shown) is photo-inmaged for the

construction of the second conponent 1 16 fromthe ABS to the back gap (not
shown). The ABS vi &8y i nArmgite hea%%m%ms@ma cPsliRgit 116 which, with

the first conponen ond pole tip at the ABS as
having a "T" config’ﬁg!i{é{B%I%S}H%E Qﬁ% & flux fringes between the first
and the second corrﬁ)emﬁa?a Jléferga@u 116 -as shown by the flux lines in Fig.
10, cause overwiting of adjacent tracks on a rotati ngbmignetlc di sk. The

present invention @f@stmpﬁ&%mwanlamg bring sandwi etyieen the ﬁéﬁtmoi%r

o thelocat 1 BRE DY S AU e o Gnmghelldhe BREREBLHIOOAE MhSe debTildh e

enbodi ment  13an@vichBE betvasea the Ifit¥epdle Plece liyer raad IBeBirst insulation layer.

29. A write head as claimed in claim 28, including:
the insulation stack having a supplemental first insulation layer which is

sandwiched between the first insulation layer and the coil layer.

30. A write head as claimed in claim 28, wherein the first pole piece is
notched at the ABS so that it has substantially the same width as the first component
at the ABS. | |

31. A write head as claimed in claim 28, including:
the first insulation layer having a yoke portion which extends throughout the

yoke region, the yoke portion of the first insulation layer being flat.

32. A magnetic disk drive including the head of claim 31, the drive
comprising: |
' a frame;
a magnetic disk rotatably supported on the frame;
a support mounted on the frame for supporting the head in a transducing
relationship with respect to the magnetic disk;

means for rotating the magnetic disk;
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manner as the prior art heads, this inductive wite head has an MR sensor
52 which is sandw ched betvveen first and second gap | ayers 54 and 56 which
are, in turn, SaRdp-CREBeLNpmeP first and second shield | ayers 58 and 60.

A wite gap Iaye d on top of the second shield layer and first -
mﬂ of the wité gap layer 132 is a first
a sl oping surface

pol e pi ece Iayer

I nsul ation | ayer

- 13- 136 whi ch commences at an apex 138. The sl oping surface 136 faces
the ABS. The second pole piece 140 has fhjst and second conponents 142 and
144, the first conponent 142 éxtending froman ABS end 146 to a recessed
end 148 |l ocated in the ) .

the support including positioning means for moving the head to multiple
positions with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk, and
to the positioning means for exchanging signals with the head, for controlling rotation

of the magnetic disk and for controlling the position of the head.

33 A drive as claimed in claim 32, including a combined head, the
combined head including said write head and a read head, the read head comprising:

a magnetoresistive (MR) sensor and first and second gap layers;

the MR sensor being sandwiched between the first and second gap layers;

first and second shield layers; and |

the first and second gap layers being sandwiched between the first and second

shield layers.

34. A method of making an inductive write head, comprising the unordered
steps of: “ _ |

forming a first pole piece layer which extends between an air bearing surface
(ABS) and a back gap; | _

forming a write gap layer on top of the first pole piece layer;

forming a first insulation layer on top of the write gap layer with a recessed
end which is spaced from said ABS;

forming a first component of a second pole piece layer on top of the write gap
layer and on top of the first insulation layer with an ABS end at the ABS and a
recessed end spaced from the ABS; and

| forming a second compdnent of the second pole piece layer on top of the first

component with a recessed end which is spaced from the ABS.

R ———
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» yoke region. The sécond ctonponent—144- extends froma recessed end 150,
spaced fromthe Alﬁﬁssﬁegt}g ack ap 152 where the first and second pol e

pi eces 72 and 140 The ‘second conponent 144 interfaces wth
the first conponent I ched region 154 so that the first
conponent defi nes pole tip rggion and, the second conponent
defines a yoke in the yoke regi on. The first |nsulat|on | ayer 134 extends
fromits recessed end (apex 38) into the yoke region. The apex 138 of the
first insulation layer 134 defines the ZThyslf desired, a supplenental
first insulation | ayer 156 may be fornmed on top of the first insulation

| ayer 134 so that it abuts the recessed end 148 of the first conponent 142.
The coil layer 158 is formed on top of the_su plenental first insulation

| ayer 156 and a sédend A@@hﬁdlaéﬁlal@,@érmfmnlé wéagon top of the coi l

| ayer 158 and the nt al f|r
I nsul ation | ayer f%?gﬁﬁagee %Sfe or#. ‘F%g}sgiﬂsﬁﬁ‘é‘l”gé %\eseﬁlﬂé I on a‘%g%e
160 in order ﬂage?bﬁﬂari ze the head. In the fi rst enbodi nent 130 t he

first conponent 142 defines the flare point position 170, as shown in Fig.
12. The first conponent has a flared surface which extends fromthe flare

point into the yo regj o ond conpone t 144 has a flared
surface which is ﬁgc tﬁSﬁ] [ﬂ% is these two

surfaces that int %ﬁmg ﬂi%efﬁﬁob Poaaﬂ WitR %s&ﬁﬁﬁﬁyqsarﬂw wialls SWRitA B
Figs. 11 and 12. In thi's enbodi nen the flare point can be very accurately .

| ocat ed by ppeltmndmn]grttm&dABﬂm:ﬂwmnlehp regionwith its flared portion. In
this enbodi ment, a second pole tip 164 is fornmed which has wel |l -defined .
side walls 166 and 168, as shown in Fig. 18. The second conponent 144 does

not appear in thesABS VA §MetRbd b Glairh8d $h BRafnidY, ifcladifg@ssed
forming an insulation stack in the yoke region between the first pole piece
layer and said second component with a recessed end which is spaced from said ABS
and engages the recessed end of the insulation stack.
38. A method as claimed in claim 34, including:

forming a coil layer on the first insulation layer.

39. A method as claimed in claim 34, including: _
forming an insulation stack with a supplemental first insulation layer which is

sandwiched between the first insulation layer and the coil layer.

40. A method as claimed in claim 34, including:

forming the first pole piece layer flat; and

forming the write gap layer with a first portion sandwiched between the first
pole piece layer and the first component and a second portion sandwiched between the

 first pole piece layer and the first insulation layer.

4]. A method as claimed in claim 40, including:
notching the first pole piece at the ABS so that it has substantially the same
width as the first component at the ABS.
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in the head. Accordingly, there is no overwiting due to flux fringing
between the second pole piece components, which is a probhlemw.th th

art head 110, as shown in Fig. 10. Also of significance is that the second

pole tip 164 is constructed nusSheetHasBeenReplaced

-14- 'wi t hout the aforementioned reflective notching pr
second conponent of the pole piece 144 is processed on t
the first pole tip 142. The construction of the first enbodi nent of

t he present

i nvention is shown in Figs. 135¢7. In Fig. 13 a photoresist

| ayer 171 is shown spun on top of the wite gap layer 132 and the first
insulation layer 134. It can be seen fromFigs. 13 and 15 that

42. A method as claimed in claim 34, including:
rounding the recessed end of the first insulation layer and forming the
insulation layer with a flat portion as it extends from its rounded recessed end into the

yoke region.

43. A method as claimed in claim 42, including:

forming the first component with a flared surface which extencis from a flare

point toward the back gap;
forming the second component with a flared surface which is recessed from
the ABS; and

_ interfaciﬁg the flared surfaces of the first and second components.

44, A method asi claimed in claim 42, including:

. forming at least a portion of the first component extending from the ABS end
with parallel side walls which are spaced by a width and substantially perpendicular
to the ABS; |

forming the recessed end of the second component with a width which is
greater than the width of said at least a portion of the ﬁrét component; and

- positioning the recessed end of the second component on said at least a portion
of the first component so that the recessed end of the second component defines a

flare point.

45. A method as claimed in claim 42, including:

forming the first component with a second pole tip portion which extends from

' the ABS to a flare point and a flared surface which extends from the flare point

toward the back gap; and

forming the second component on the flared surface of the first component.

* [ L M 1 *
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-the first insulation layer 134 has a | arge planar region 162 behind its

sl oping portion 136. In conparison with the photoresist |ayer 102 in Fig.

6, it can be seen that the photoresist layer 171 in Fig. 13 is nore uniform
in its hei ght rhiesiRedss BéenRBISReP! anar regi on 162. Wiile the preferred

t hi ckness of t tion layer 134 is four times the thickness of
the wite gap ,HI’HM’!U y be as thin as the wite gap |ayer 132. Since
the flared regl nd pol e piece 140 (see Fig. 12) comenci ng at
the flare point 170 is located w thin the ppanar region 162 of the first

i nsul ation layer 134, all |ight photo-imaging the photoresist |ayer 171
wll be reflected back to- its sour ce, as shown by notations "B" and "C' in
Fig. 15. Light re cte the slo sur 136 of the first :
i nsul ation |ayer véqe b‘g %?d? lPﬁ’é’l’gdence directly into
the pole tip regiog Htreéé@é’edr&fdl ﬁgszmmﬁbﬁgaye%rbeﬁ@eemﬁem SndP et
170 is recessed from t | ocat i on. ingly, with the present Invention

there i s no rftdré pointve notchl ng of.the second pole tip. The pole tip is
formed with well-defined side walls 166 and 168, as shown in Fig. 17, which
are parallel with respect to one another and perpendicular to the plane of

the first pole piege. t‘?i Ba%y%glﬁgﬁ%@qﬂa{l &REN9 the resist |ayer

171, the first conponen he’resist “layer 171 is renoved,
as shown in Fi g Jfﬁmin‘ aiemsuMonmckrmmjeqyukasmgmhl betweery éhies fiist polapidee
deposited w or wt out C | ayers, gefore e segfnd pole tip is, forned

as shown in s@ram @ sai sgcoqogcwweﬁlh chyis spared from said HBYt ed

which wi |l 115. The second pole tip
142 is then %Pat eg%éggﬂ? eep toreS| st ayaél?m is renoved as shown in
Fig. 19. It should be noted that the one or nore insulation layers 171 wl|
not cause reflective . . . . .
. A method as claimed in claim 47, including:

. forming a coil layer on the first insulation layer.

49. A method as claimed in claim 48, including:

fornﬁng the first pole piece layer flat; and

forming the write gap layer with a first portion sandwiched between the first
pole piece layer and the first component and a second portion sandwiched between the

first pole piece layer and the first insulation layer.

50. A method as claimed in claim 49, including:
forming an insulation stack with a supplemental first insulation layer which is

sandwiched between the first insulation layer and the coil layer.

51. A method as claimed in claim 49, including:
notching the first pole piece at the ABS so that it has substantially the same
~ width as the first component at the ABS.

52. A method as claimed in claim 49, including:

forming the first insulation layer with a yoke portion which is flat.
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. hotching of the pole tip region since the |light exposure is confined to the

- planar region of the first insulation layer 132. An ABS—vi-ew-of—Fig—318—
will look Iike Fig. 17. In Figs. 20and 21there|s

shown an ion mlling step for notching the first pol e’ 174
The first conponent 142 is enployed as a mask for ion
pole piece to create the notching. The ion mlling anglf en

10[err] to 80[err] froma vertical while the wafer upon which the magnetlc
head is |l ocated is rotated about a verticg axis. This inhibits the mlling
beam to reach the notching region of the 19 st pol e piece 60/72 on each
side of the pole tip 146, one of the -

53. A method as claimed in claim 42, including:

forming at least a portion of the first component with side walls which are
pa.rallel with respect to one another and are perpendicular to the ABS, the first
component having a width between the side walls; and

forming the recessed end of the second component with a width which is
greater than the width of the first component on said at least a portion of the first

component so that the second component defines a flare point.

54. A method as claimed in claim 53, including:
forming the parallel side walls of the first component from the ABS end to the

recessed end of the first component.

55. A method as claimed in claim 54, including:
forming the recessed end of the first insulation layer between the ABS and the

flare point.

56. A method as claimed in claim 55, including:
forming an insulation stack in the yoke region between the first pole piece
layer and said second component with a recessed end which is spaced from said ABS

and engages the recessed end of the insulation stack.

57. A method as claimed in claim 56, including:

forming a coil layer on the first insulation layer.

58. A method as claimed in claim 57, including:

forming the first pole piece layer flat; and

forming the write gap layer with a first portion sandwiched between the first
pole piece layer and the first component and a second portion sandwiched between the

first pole piece layer and the first insulation layer.
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shadowed regi ons being showmn at 176, due to the flared region of the second
conponent 142 behind the pole tip . The second enbodi nent of the

i nvention, to be mesn&iﬂm@éﬁﬁ{eﬁf fter, has an advantage over the first

enbodi nent in that I 76 shown in Fig. 21 is reduced.
The second enbodi : | m
only difference in odi nent 180 over the first enbodi nent 130

present invention is showm in Fig. 22. The
are the configurations of the first and second conponents 182 and 184 of
t he second pol e piece 186, as shown in Fig. 23. The first conponent has
parallel side walls 187 and 188 exten@ingﬂ¥r0n1its ABS end 190 to its
recessed end 192. Accordingly, the first conponent 182 is a |ong sl ender
rectangul ar elenent in contrast to the flared conponent 144 shown in Fig.
12. The second cggponegimetfidd B slafmb® aesRAA 58N thch@finghi ch i s spaced from
the ABS. The second conponent 184 preferably has a wdth at its recessed
end 194 which i sfouming antinsulation stackswith arsppplementad firstdnsulatiombayar wihichsiscond
conmponent 184 . s .stitched t.o Lhe.first conpon 182 .at 196 the recessed
end’ 194 of - TSEERRFRET ket asHon IR fdbe PORJRYE ne 105,
Accordingly, in the second enbodi ment. 180 the second conponent 184 defi nes

the flare point 198 whereas in the first enbodinent 130 the first conponent
144 defines the 80ar e Amethod ahelatned irr claim 68, bicludimg:second conponent 182

Lo o "Theur | copElniae irobOaitie 8 ASHEER i b Sispofly e 2 °"
phot or esi st yAfH 8k ﬂ@?f&%ﬂ@)ﬁl’éﬁtsﬁtaﬂ%i@iy uni formthickness simlar to that

shown in Fig. 16. ReflectiVve notching is not present because of the planar
region 162 and the location of the flare point "198. After plating the first

61. A method as claimed in claim 58, including:

forming the first insulation layer with a yoke portion which is flat.
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-conponent 182 and the renoval of the photoresist |ayer, the second
conponent 184 ’ - 16- S
formed as shown in Figs. 22 and 23. As shown in Fig. 26, the second
conponent 182 has wel | -defined side walls 186 and 188 which are parall el

Wi th respect to one another and perpendicular to the ABS. In Figs. 27 and
28, ion mlling is enployed to notch thedbirst pole piece at 202 and 204,
as seen in Fig. 27. Again the ion mllin | e vari es between 10[err] to
B0l orr] t o WRES HEABANTEHRECESPED SHTCHELS NOKHN APLADAR RORHOM OF

Fig. 28. This is less of a shadow than shadow 176 in Fi | S|nce_1here
Is no flared port Mlﬁgwlﬂ w QCWQ%{%WE[G% not ches

202 and ZOiBSTRACT

A wrrite head which has a recessed stitched yoke on a planar portion of a zero

throat height (ZTH) defining insulation layer and more particularly to a write head which
has first and second components (142 and 144), the first component (142) extending
from an air bearing surface (ABS) to form a pole tip and a second component (144)

" recessed and connected to the first component (142) over a flat portion of a first
insulation layer (134) that defines ZTH. The first component (142) is sandwiched
between the first insulation layer (134) and the second component (144).

Fig. 11

Sheet Has Been R laced
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in Fig. 27 wll formwith less mlling than the notches 172 and 174 in Fig.
20. A third enbodi nent 210 of the present invention is illustrated
in Fig. 29. This enbodinment differs fromthe enbodi nrents 130 and 180, shown
in Figs. 11 and 22, in that the enbodi nent 210 | ocates the coil |ayer 158
directly on the first i.nsulation |ayer 134. This saves the step of
constructing a supplenental first insulation |ayer, as shown in the first
and second enbodi nents. This third enbddil@ent may enploy either of the
features of the first and second enbodi ments, as shown in Figs. 30 and 31.
It should be noted that the thickness of the photoresist layer 171 in the _
present enbodi nent (Figs. 13, 18 and 24) is less .than the thickness of the
prior art photoresist layer 102 in Fig. 6. This permts the s;ggngopole tip
en

to have a | ower pherght—anmd—a marrower—track—wdth—for—tigher sity
recordi ng. Clearly, other enbodi nen ad_nodi ficatigns of this
invention will qgccur readily to those“of ordinary skill in the art "in view

of these teachirgs. Therefore, th;#/;pvéhtion isto i:_liniﬁed only by the
followi ng claing, which include Al |l ASuch enbodjnents amd nodifications when-
viewed in conjurjction with the Abglfe specific oh and agcofpanyi ng

dr awi ngs. -
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CLAI M5 VE CLAI M 1. An inductive wite head having a pole
tip region | ocated between an air bearing surface (ABS) and a flare point,.
and a yoke region |ocated between the flare point and a back gap, wherein
the back gap is a |l ocation recessed fromthe ABS where first and second
pol e pieces are nagneti‘cal'l y connected and the flare point is where the
"second pol e piece first commences 10 2yBBe-as it extends fromthe ABS to

t he back gap, conpri sing: first and second pol e piece |ayers, the
second pol e piece |ayer having first and Second conmponents; t he
first conponent extending froman ABS end, which is located at said ABS, to
a recessed end, ghich is | ocatéKEn t LE TIP _ithe sefbnd

- conponent extending froma rdRE6IBN end, which i s SHRCEAN: rorh t heABS,
‘toward said back gap; 70 82 74

68 64 S 13 84
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\l ) \ ) 66 i
/ 1
VLA 2SO~
| I1 . pr2f— 80
60/72~\;, : P1/S2 PT1 70
= X e —52
) st ) )
| |
. 54 56 S
FIG. 4 o1 &oc2 ZH—"  |=—¥
PRIOR ART ABS —
LIjHT LIjHT
P2 PHOTORESIST _ ' 102 g4

70 88 I3 92 oo
\\ {4 | S (190 90 'gp

FIG. 6 Gl & G2 ZTH—
PRIOR ART



t he second conponent interfacing the first conponent in a stitched region
so that the first conponent defines a pole tip in the pole.tip region and,
t he second conponent defines at |east a portion of a yoke in the yoke

regi on; an insulation stack | ocated between the first pole piece
and-the second conmponent and a coil |ayer enbedded in said insulation
st ack; a first insulation |ayer 3#nglwi ched between the first pole

pi ece layer and the first conponent and extending froma recessed end that
is spaced fromthe ABS, toward the back gap, the recessed end of the first
dnsulation |ayer causing a first separation of the first conponent fromthe
first pole piece after the ABS so as to def$%e a zero throat height of the
head; the first conpegrent bei ng—sanpdwic ween the first
_|nsulat|on | ayer and the secomnd conponent; t he reCessed ends®f the
.first conponent being | ocatedfbetween thedegssed end of Jthe fi

i nsul ation | ayer and the backi gap and the i i being fl at
fromits recessed end to the ponent ; and

the flare point being |ocated}er o ) bet ween t he
recessed end of the first insglation Iaye§293q the reces ;@/QQ t he
first conponent.

s

_FIG. 5 2 507 st ' -(/*58
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- 18- 1F 2. A magnetic di sk drive |nclud|ng

the head of claim 1, the drive conpristng: a frane; a
magnetic di sk rotatably supported on the frame; - - a support nounted
on the frame for supporting the head in a transducing relationship with
respect to the magnetic disk; means for rotating the magnetic disk
t he support including positioning neaggigor-nmoving the head to multiple
positions with respect to said magnetic disk; and means connect ed
to the head, to the neans for rotatlno t he magnetic disk, and to the

posi tioning means for excha wi_t h theHﬁSﬂETfor ﬁgtroH

rotati on of the_me i AgFRAMBPositio G. B head.

3.7 A drive § ganbi ned h&EREORhART
conbi ned head i t he read head
conpri si ng: 00

~—FLARE POINT

FIG. 9
PRIOR ART

FIG. 10 58— . ‘
PRIOR ART .\? ST s0




a magnetoresistive (MR) sensor and first and second gap | ayers; ' t he
MR sensor being | ocated between the first and second gap | ayers; .
first and second shield layers; and. the first and second gap | ayers

bei ng | ocated between the first and second shield | ayers.

4. . A wite head as clainmed.in claim1l1, wherein the recessed end of the

first insulation layer is |ocated betwssfixhe ABS and the flare point.

5. A wite head as clainmed in claim1, wherein the first conponent has

substantlally vertical side walls in the pole tip region. 6.

A wite head as clainmed in claim1, including: t he |nsulat|on stack
havi.ng a recessed end which is spacedp§romsaid ABS; and t he

recessed end of the first conponent dpfectly %engag ng%t he P8cessed end of

t he :i nsul ati on stack. v M~ 2
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-19- o 7. A-wite head as clained in Qlain11, wherein thé coi

| ayer interfaces the first insulation |ayér. . 8. . Awite head .
as clainmed in claiml, including: the insul ation stack having a
suppl emental first insulation |ayer which is sandw ched between the first
insulation layer and the coil I|ayer. 9. A wite head as
clainmed in claim1l, including: - - épe3fiTst pole piece | ayer being

flat fromthe ABS to the back gap; ’ a.wite gap |ayer |ocated

between the first pole piece layer and the first conponent and extendi ng
bet ween t he ABS nd the recessed end of the first conponent; and
a first portion er bEFhg | ocat edipe en_thT first pole -

pi ece,

FIG. 12
ol X7
?'LARE-/-]
171 POINT ’ -
S— e
? 134 P2 RESIST 162 136 .o
} z i/ 3 _—~132
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| ayer and the first conponent and a second portion of the wite gap 1ayer
bei ng sandwi ched between the first pole pi ece |ayer and the first

i nsul ati on | ayer . 10. A conbi ned read and wite head
including the wite head of claim9, and further conprising: a
magnet oresi stive sensor |ocated between first and second gap | ayers and the
first and second gap | ayers being | ocatet¥letween first and second shield

| ayers; and the second shield | ayer and the first pole piece |ayer
bei ng a common | ayer. 11. A mmlte head as claimed in claiml1,
i ncl udi ng: the first_insul atieg . aTa surface at

its recessed end. FEG. 14A |w
i ncl udi ng: the first conponen'
extends fromthe flare point intotdkte
conponent having a flared surface whic
said interfacing conprising the flared

conponents interfacing one ano?ﬁer_|n $

IareF ﬂace whi ch
gi on;
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- 20- 13. Awite head as claimed in claim12, wherein the
‘first conponent has parallel side walls-which are substant lally
per pendi cular to the ABS and which are | ocated entirely between the ABS and

the recessed end of the second conponent. 14. A wite head as
clainmed in claim213, including: the recessed end of the first
I nsul ation | ayer being |ocated betwe/fiBe ABS and the flare point.
15. A wite head as clainmed in claim14, including:
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the insulation stack having a recessed end which is spaced from sai d ABS;

and the recessed end of the first .conponent directly-engaging the
recessed end of the insulation stack. - 16. A wite head as
clainmed in claima15, including: the first insulation |ayer
extending into the yoke region and being part of the insulation stack; and
the coil layer being directly on the fi@?& i nsul ation |ayer. 17.
A wite head as clained in claim16, inc uging: the first pole

pi ece layer being flat fromthe ABS to the back gap; a wite gap

| ayer | ocated between the first pole piece b@éer gﬂd the first _conponent
and extendi ng between the ABS end and the r S end of the-first
conponent ; and a first portion of the ite gap | ayer being | ocated
betwéen the first pole piece |ayer and the fi#stl4®dnponent and a second

portion of the wite gap |ayer being sandw ghefl between the first pole
piece layer and the first insulationgqlayer.|p2 _ 18. A wite head
as clainmed in claim17, including: e int{ifation stack havi ng a
supplenentallfirst i nsul ation | ] S |
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between the first insulation |ayer and the coil |ayer. 19. A

‘wite head as clainmed in claim 17, including: the first pole piece
bei ng notched at the ABS so that it has substantially the sane width as the
first conponent at the ABS. B

This is the replacenent sheet .

-21- 20. A wite head as 1] aigred in claim 17, including:

the first insulation |ayer having a yoke portion which extends throughout

t he yoke
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L4
.

region, the yoke portion of the first insulation |ayer being flat.

21. A magnetic disk drive including the head of claim 20, the drive
conpri si ng: a frane; a magnetic disk rotatably supported on
t he frare; a support nounted on the frame for supporting the head

in a transducing relationship with respect to-the magnetic di sk

nmeans for rotating the magnetic disk; 1x/13 the support including
positioning nmeans for noving the head to nmul fiple positions with respect to
sai d magnetic di sk; and means connécted to the head, to the nmeans
for rotating the magnetic disk, and to the positioning neans for exchangi ng
signals with the head, for controlling rotation of the magnetic disk and
for controlling the position of the head. ‘ 22. A drive as
clainmed in claim21, including a cq | ned head, the conbined head incl uding
said wite he d a read head, theg read head conpri sing: a
magnet oresi s{ive (MR) sén i and second gap | ayers; t he
MR sensor bei\ng | ocat ed between the d second gap- | ayers;

first and secpnd shield | ayers; and :
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L4

t he flrst and second gap 1 ayers being |ocated between the first and second
shield | ayers. 23. A wite head as clained in claim11,

i ncl udi ng: at least a portion of the first copponent. extendi ng
fromthe ABS having parallel side walls which are substantially

per pendi cular to the ABS and are spaced from-one another by a w dth;

the recessed end of the second conponentZfddi ng a wi dth which is greater
than the width of said at |east a portion of the first component; and

-22- the recessed end of the second conmponent overlapplng sai d at

| east a port4on of the
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Ii"rst conponent so that .the recessed end of the second conmponent defines

said flare point. 24. A wite head as clai'ned in claim 23,
wherein the parallel side walls of the first conponent extend fromthe ABS
end to the recessed end of the first conponent. ~ 25. Awite

head as”clainmed in claim24, wherein the recessed end -of the first
insulation layer is |ocated between 't hel3g$%3and the flare point.

26. A wite head as clained in claim25, including: t he

i nsul ation stack having a recessed end which is spaced from said ABS;, and
t he recessed end _of the3f| r1$t -conponent cbf@ctlyrgnggw the fpecesged end

of the insulati of} /Z{_ A wik@INtad as claimed in claim
26, wherein th atioh | ayer

28. A wite(hepd asf{cl ajnmed MOKE ai m 27, i ncl udi.ng:
Al :
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'the first, mimmm&tm&ser 86 ng

flat fromthe ABS to the back gap;

47303460 -3

the first pole piece layer and the fi rst”’f’r’J
tthe ABS end and the recessed end of the

fir thlrst portion of tr@_"l ' ¢r| bei ng
| oc ﬁgﬁncﬁa ?%’f'a}ftgt ggﬁ """ iece | ayer and the fBW#TCEMﬁﬂf\é Fa1d a
secpnd ‘portion RN gap ljayer ber-ng sandw ¢hgd between the|ffrst
iece |ayer and bea]‘. jsul ation | ayer. wite
C -gi-#8-#8:i ncffudi ng; t He |i nsul ation stc
having a suppl emental first insulati d‘%r whi ch |i bet jeen

gl on layer and the coil

| ayer.

ite

theflrstmh
head as clained in claim28, wherein the first pole piece is notched at t he

ABS so t hat
t he ABS.
This is the re

it has substantially the same width as the first conponent. at
p]I acenep inductive write head having a pole tip region located between an air

e

bearing surface (ABS) and a flare point, and a yoke region located between the flare point
and a back gap, wherein the back gap is a location recessed from the ABS where first and
second pole pieces are magnetically connected and the flare point is where the second pole
piece first commences to flare as it extends from the ABS to the back gap, comprising:

first and second pole piece layers, the second pole piece layer having first and
second components;

the first component extending from an ABS end, which is located at said ABS,to a
recessed end, which is located in the yoke region; '

the second component extending from a recessed end, which is spaced from the
ABS, toward said back gap;

the second component interfacing the first component in a stitched region so that
the first component defines a pole tip in the pole tip region and the second component
defines at least a portion of a yoke in the yoke region;

an insulation stack located between the first pole piece and the second component
and a coil layer embedded in said insulation stack;

a first insulation layer sandwiched between the first pole piece layer and the first
component and extending from a recessed end that is spaced from the ABS, toward the
back gap, the recessed end of the first insulation layer causing a first separation of the first
component from the first pole piece after the ABS so as to define a zero throat height of the
head;

the first component being sandwiched between the first insulation layer and the
second component; ‘

the recessed end of the first component being located between the recessed end of
the first insulation layer and the back gap and the first insulation layer being flat from its
recessed end to the recessed end of the first component; and

the flare point being located on the flat insulation layer between the recessed end

of the first insulation layer and the recessed end of the first component.

IR i



-23- 31. A wite head as clained in clai HRQ&ACEMQNWBH&T
the first insulation |ayer having a yoke portion whi

t he yoke region, the yoke portion of the first insul
32. A magnetic di sk drive including the head of cllaifm
conpri si ng: a frane; a magnetic di
on the frane; a support nount ed8on the fra
head in a transducing relationship with respect to t

means for rotating the magnetic. djs ort udlng '
posi tioni ng meafts forﬁ‘n‘%&ﬁg fiﬁg‘#'éfﬁdn"cl‘bdlﬁ%f}{e}ﬁag g’g}g |0ttt?§ "fh respect to
sai d magnec;rhprigiﬁg},k; and

a frame;

for supportlng‘t e

a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the head in a transducing
relationship with respect to the magnetic disk;

means for rotating the magnetic disk;

the support including positioning means for moving the head to multiple positions
with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk, and to
the positioning means for exchanging signals with the head, for controlling rotation of the

magnetic disk and for controlling the position of the head.

3. A drive as claimed in claim 2, including a combined head, the combined
head including said write head and a read head, the read head comprising:

a magnetoresistive (MR) sensor and first and second gap layers;

the MR sensor being located between the first and second gap layers;

first and second shield layers; and

the first and second gap layers being located between the first and second shield

layers.

4, A write head as claimed in claim 1, wherein the recessed end of the first
insulation layer is located between the ABS and the flare point.

5. A write head as claimed in claim 1, wherein the first component has

substantially vertical side walls in the pole tip region.

6. A write head as claimed in claim 1, including:
the insulation stack having a recessed end which is spaced from said ABS; and
the recessed end of the first component directly engaging the recessed end of the

insulation stack.

T T



means connected to the head, to the nmeans for rotating the magnetic disk,
and to the positioning neans for exchanging signals with the head, for
controlling rotation of the magnetic disk and for- controlling the posit+ion
of the head. 33. A drive as clained in claim32, including a
conbi ned head, the conbined head including said wite head and a read head,
the read head conpri sing: USP60PR339 (I n Singapore, renunbering of
clainms are required). 34. A met hod of making an inductive
wite head, which has a flare point and a  yoke region, conprising the

unor dered st eps/-of : A write head agrclaimgd in ¢laim ., whereinghe eil laygemntegfacenthext ends

bet ween aﬂﬁf’ihﬁul@ﬁ(ﬁ“a g surface (ABS) and a back gap; formng a
wite gap layer on top of the first pole piece |ayer; formng a
first insulation |ayer on top of the wite gap |layer with a rounded

recessed end jch is,spaced from.sai,d ABS; . . . formng a first .
conponent of.\z;wESepondA‘B‘&%%ﬁﬁarJe ecm?lwglln@ﬁ“?(])pmfilfudf% wite gap |ayer and on
top of the firshe imalatish stk havisg a\sudpﬂlerﬁéntﬂaﬁsﬁnmlaﬁoﬂ lagerARSichd th a

an flat, portion perpendicular to

{ ﬁgeszgd bsgg&%éﬁg‘f ﬁ%"‘fﬁrﬁ&rﬂ?&g&riQB g aém‘?{fi’r‘]‘g%‘q ¢fal lag&tul ati on | ayer and the
recessed end of the first conponent; and
| 9. A write head as claimed in claim 1, including:
the first pole piece layer being flat from the ABS to the back gap;
a write gap layer located between the first pole piece layer and the first component
and extending between the ABS end and the recessed end of the first component; and
a first portion of the write gap layer being located between the first pole piece
layer and the first component and a second portion of the write gap layer being sandwiched

between the first pole piece layer and the first insulation layer.

10. - A combined read and write head including the write head of claim 9, and
further comprising:

a magnetoresistive sensor located between first and second gap layers and the first
and second gap layers being located between first and second shield layers; and

the second shield layer and the first pole piece layer being a common layer.

11. A write head as claimed in claim 1, including:

the first insulation layer having a sloping surface at its recessed end.

12. A write head as claimed in claim 11, including:

the first component having a flared surface which extends from the flare point into
said yoke region;

the second component having a flared surface which is recessed from the ABS;

said interfacing compﬁ'éing the flared surfaces of the first and second components

interfacing one another in said stitched region.

_
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- 24- form ng a second conponent of the second pole piece |ayer on
top of the flat portion of the first conponent with a recessed end which is

spaced fromthe ABS. 35. A method as clainmed in claim34, -

i ncl udi ng: form ng the rounded recessed end of the first insulation
| ayer between the ABS and the flare point. 36. A nmet hod as
clainmed in claim 34, including: -20-orm ng the first conponent wth

substantially parallel walls which are
13. A write head as claimed in claim 12, wherein the first component has
parallel side walls which are substantially perpendicular to the ABS and which are located

entirely between the ABS and the recessed end of the second component.

14. A write head as claimed in claim 13, including:
the recessed end of the first insulation layer being located between the ABS and
the flare point.

15. A write head as claimed in claim 14, including:
the insulation stack having a recessed end which is spaced from said ABS; and
the recessed end of the first component directly engaging the recessed end of the

insulation stack.

16. A write head as claimed in claim 15, including:
the first insulation layer extending into the yoke region and being part of the
insulation stack; and

the coil layer being directly on the first insulation layer.

17. A write head as claimed in claim 16, including:

the first pole piece layer being flat frdm the ABS to the back gap;

a write gap layer located between the first pole piece layer and the first component
and extending between the ABS end and the recessed end of the first component; and

a first portion of the write gap layer being located between the first pole piece
layer and the first component and a second portion of the write gap layer being sandwiched

between the first pole piece layer and the first insulation layer.

18. A write head as claimed in claim 17, including:
the insulation stack having a supplemental first insulation layer which is located

between the first insulation layer and the coil layer.

19. A write head as claimed in claim 17, including:
the first pole piece being notched at the ABS so that it has substantially the same
width as the first component at the ABS.

Thic is the replacement sheet
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perpendicular to the ABS in the pole tip:region. 37. - A nethod
as clainmed in claim 34, including: ~formng an insulation stack in
t he yoke region between the first pole piece | ayer and said second
conponent with a recessed end which is spaced fromsaid ABS and engages the

recessed end of the first conponent. 38. A nethod as cl ai ned
In claim 34, including: formnggy coil layer on the first

i nsul ation | ayer. 39. A nmethod as clainmed in claim 34,

i ncl udi ng: formng an insulation stack with a supplenental first

i nsul ation |ayer which is sandw ched between the first insulation |ayer and

the coil |ayer. ﬁmtgﬁ .in claim 34,
i ncl udi ng: 20. for \rﬁrﬁe ﬁ?%deasfcl m?lquﬂ?gglga]hg@g"r flat and parallel to
the flat porti dhe fifst iﬂsala’tmniayec haying e iybke portion which exterids timonghdut ¢thaydkee gap

layer w trhgl?)lnf g%ké) po IOICI) of ﬁ'l%r}%'\é\g iﬁgqution ayerebemg f st pole

21. A magnetic disk drive including the head of claim 20, the drive
comprising:

a frame;

a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the head in a transducing
relationship with respect to the magnetic disk;

means for rotating the magnetic disk;

the support including positioning means for moving the head to multiple positions
with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk, and to
the positioning means for exchanging signals with the head, for controlling rotation of the

magnetic disk and for controlling the position of the head.

22. .A drive as claimed in claim 21, including a combined head, the combined
head including said write head and a read head, the read head comprising:

a magnetoresistive (MR) sensor and first and second gap layers;

the MR sensor being located between the first and second gap layers;

first and second shield layers; and

the first and second gap layers being located between the first and second shield

layers.

23. A write head as claimed in claim 11, including:

at least a portion of the first component extending from the ABS having parallel
side walls which are substantially perpendicular to the ABS and are spaced from one
another by a width;

the recessed end of the second component having a width which is greater than the

width of said at least a portion of the first component; and

) Thic ‘o i o
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pi ece layer and a first portion of the first conponent and with a first
portion of the insulation |ayer sandw ched between a second portion of the
wite gap | ayer and a second portion of the first component.

- 25- 41. A method as clainmed in claim40, including:

lon beammlling the first pole piece using the first conponent as a mask
until the first pole piece has substant22dly the sane width at the ABS as
the first conponent of the second pole piece Iayer at the AFS ]

42. A met hod_ as clainmed in claim40, including ormng the
first insulati owewsgﬁé%edﬁnﬁw £ he segend aminannt.aver lADRing s9id at leasiRordon efheted

first component so that the recessed end of the second component defines said flare point.

24, A write head as claimed in claim 23, wherein the parallel side walls of the

first component extend from the ABS end to the recessed end of the first component.

25. A write head as claimed in claim 24, wherein the recessed end of the first

insulation layer is located between the ABS and the flare point.

26. A write head as claimed in claim 25, including:
the insulation stack having a recessed end which is spaced from said ABS; and
the recessed end of the first component directly engaging the recessed end of the

insulation stack.

27. A write head as claimed in claim 26, wherein the coil layer interfaces the

first insulation layer.

28. A write head as claimed in claim 27, including:

the first pole piece layer being flat from the ABS to the back gap;

a write gap layer located between the first pole piece layer and the first component
and extending between the ABS end and the recessed end of the first component; and

a first portion of the write gap layer being located between the first pole piece
layer and the first component and a second portion of the write gap layer being sandwiched

between the first pole piece layer and the first insulation 1ayer.

29. A write head as claimed in claim 28, including:
the insulation stack having a supplemental first insulation layer which is

sandwiched between the first insulation layer and the coil layer.

30. A write head as claimed in claim 28, wherein the first pole piece is
notched at the ABS so that it has substantially the same width as the first component at the
ABS.

- e
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recessed end into the yoké region. 43. A nethod as clainmed in

claim42, including: formng the first conponent with a flared
surface which extends froma flare point toward the back gap and is | ocated
entirely on the flat portion of the first insulation |ayer; form ng
t he second conponent with a flared surface which is recessed fromthe ABS;
and interfacing the flared surf-@88es of the first and second
conmponents. 44, A nmethod as claimed in claim42, including:

formng at leasf, a portion of the first conmponent extending fromthe ABS
end with paral [} sidé Widlehsadpas ¢lpimeddn g @g’w{%‘lfwcjth and substantially

perpendi cul ar t@ekRg iNRPition la;lrer havifngrar?oﬁg Rbﬂﬁnrﬁﬁ&féﬁgn&rtﬂr tg,g&g?hfﬁﬁ&nd

conponent with a wdth yvkﬁch s greatér than the wdth of sai east a
porti on oregionetheiyoke pediopai e firshingulation layer haing flatoni ng t he recessed end of
t he second conponent on and in contact with said at |east a portion of the
first conponent so that the recessed end of the second conponent defines a
flare point. 32. A mdgnetic diSk aleitve irthating theiberdlof ¢laimt al,rthédriveé ncl udi ng:

comprising:

a frame;

a magnetic disk rotatably supported on the frame;

a support mounted on the frame for supporting the head in a transducing
relationship with respect to the magnetic disk;

means for rotating the magnetic disk;

the support including positioning means for moving the head to multiple positions
with respect to said magnetic disk; and

means connected to the head, to the means for rotating the magnetic disk, and to
the positioning means for exchanging signals with the head, for controlling rotation of the

magnetic disk and for controlling the position of the head.

33. A drive as claimed in claim 32, including a combined head, the combined
head including said write head and a read head, the read head comprising:

USP6029339 (In Singapore, renumbering of claims are required).

34. A method of making an inductive write head, which has a flare point and
a yoke region, comprising the unordered steps of:

forming a first pole piece layer which extends between an air bearing surface
(ABS) and a back gap;

forming a write gap layer on top of the first pole piece layer;

forming a first insulation layer on top of the write gap layer with a rounded
recessed end which is spaced from said ABS;

forming a first component of a second pole piece layer on top of the write gap
layer and on top of the first insulation layer with an ABS end at the ABS, with a recessed
end spaced from the ABS and with a flat portion perpendicular to the ABS between the

rounded recessed end of the insulation layer and the recessed end of the first component;

RO A e This is the replacement sheet
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forming the first canponent with a second pole tip portion which extends
fromthe ABS to a flare point and a flared surface which extends fromthe
flare point toward the back gap; and form ng the second conponent
on the flared surface of the first conponent.

- 26- 46. A method as clainmed in claim45, including:

forming the rounded recessed end of the2#irst insulation |ayer between the
ABS and the flare point. 47. A nmethod as clainmed in claim 46,
{ el udi ng: ool e mgggog 5 1 S oot 8 the Secohd Hle plede 15yer D Gop SEnSHab ot Vo

portion of the first component with a recessed end which is spaced from the ABS.

35. A method as claimed in claim 34, including: _
forming the rounded recessed end of the first insulation layer between the ABS

and the flare point.

’_ | - 36. A method as claimed in claim 34, including:
forming the first component with substantially parallel walls which are

perpendicular to the ABS in the pole tip region.

37. A method as claimed in claim 34, including:
forming an insulation stack in the yoke region between the first pole piece layer
and said second component with a recessed end which is spaced from said ABS and

engages the recessed end of the first component.

38. A method as claimed in claim 34, including:

forming a coil layer on the first insulation layer.

39. A method as claimed in claim 34, including:
forming an insulation stack with a supplemental first insulation layer which is

sandwiched between the first insulation layer and the coil layer.

40. A method as claimed in claim 34, including:

forming the first pole piece layer flat and parallel to the flat portion of the first
component; and

forming the write gap layer with a first portion sandwiched between the first pole
piece layer and a first portion of the first component and with a first portion of the
insulation layer sandwiched between a second portion of the write gap layer and a second

portion of the first component.
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and sai d second conponent with a recessed end which is spaced from said ABS
and engages the recessed end of the insulation stack. 48. A
nmet hod as clainmed in claimd47, including: formng a coil |ayer "on
the first insulation |ayer. 49. A nmethod as clainmed in claim
48, i ncl uding: formng the first pole piece |ayer flat and parallel
to the flat portion of the first conponght; and - formng the wite
gap layer with a first portion sandw ched between the first pole piece

| ayer and a first portion, of the fir.st. conponent.and with a first portion
of the insul ati‘gln Iay‘ér‘ngg‘?‘éﬁﬁ‘t&]m‘lﬂ‘éf’m amgglgg’rgd portion of the wite
gap layer and ajofi®egmdnil@ig the Firstpoldiedd uskig th6 R RBMbonent as a mask uRfl the A
met hod as_cl aimed in claim49, includ orm ng an insul ation

; f
stack wi tiFsEPQl pisice kansubstantially thPﬁ%‘tIJ}P !!I\tqg@rﬁt the\ABS @ therfirsccompoagntafdbe
bet ween tdeofd pAik pide Myt htle lAder and the coil layer.

42. A method as claimed in claim 40, including:

forming the first insulation layer with a flat portion as it extends from its rounded

B,

recessed end into the yoke region.

43. A method as claimed in claim 42, including:
forming the first component with a flared surface which extends from a flare point
toward the back gap and is located entirely on the flat portion of the first insulation layer;
forming the second component with a flared surface which is recessed from the
| ABS; and

interfacing the flared surfaces of the first and second components.

44, A method as claimed in claim 42, including:

forming at least a portion of the first component extending from the ABS end with
parallel side walls which are spaced by a width and substantially perpendicular to the ABS;

forming the recessed end of the second component with a width which is greater
than the width of said at least a portion of the first component; and

positioning the recessed end of the second component on and in contact with said
at least a portion of the first component so that the recessed end of the second component
defines a flare point.

45. A method as claimed in claim 42, including:

forming the first component with a second pole tip portion which extends from the
ABS to a flare point and a flared surface which extends from the flare point toward the back
gap; and

forming the second component on the flared surface of the first component.

| N A R This s the repiacament shoet
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51. A nmethod as clainmed in claim49, including: not chi ng the
first pole piece at the ABS so that it has substantially the sane width as

the first conponent at the ABS. 52. A nmet hod as clainmed i-n
cl ai m 49, including: formng the first insulation |layer with a
yoke portion which is flat.

-27- 53. A met hod as cl ai me26-i n cl ai m 40, i ncl udi ng:

formng the parallel side walls of the first conmponent fromthe ABS end to
the recessed end of the first cq nent, ) )
' 5S 196. X me:tlln'rds as c(iainrrgg in claim 45, including:
forming the rounded recessed end of the first insulation layer between the ABS

and the flare point.

47. A method as claimed in claim 46, including:
forming an insulation stack in the yoke region between the first pole piece layer
and said second component with a recessed end which is spaced from said ABS and

engages the recessed end of the insulation stack.

48. A method as claimed in claim 47, including:

forming a coil layer on the first insulation layer.

49. A method as claimed in claim 48, including:

forming the first pole piece layer flat and parallel to the flat portion of the first
component; and

forming the write gap layer with a first portion sandwiched between the first pole
piece layer and a first portion of the first component and with a first portion of the
insulation layer sandwiched between a second portion of the write gap layer and a second

portion of the first component.

50. A method as claimed in claim 49, including:
forming an insulation stack with a supplemental first insulation layer which is

sandwiched between the first insulation layer and the coil layer.

51. A method as claimed in claim 49, including:
notching the first pole piece at the ABS so that it has substantially the same width
as the first component at the ABS.

52. A method as claimed in claim 49, including:

forming the first insulation layer with a yoke portion which is flat.
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54. A method as clainmed in claimb53, including: formng the
rounded recessed end of the first insulation | ayer between the ABS and the
flare point. 55. A nmethod as claimed in claimb54, including:
formng an insulation stack in the yoke region between the first pole piece
| ayer and said second conponent with a recessed end which is spaced from
said ABS and engages the recessed end &f7-the insul ation stack.

56. A nmethod as clainmed in claim55 including formng a coil

| ayer on the first insulation |aye A met hod as cl ai ned
in claimb56, iReéiudi#ymethodas CIalmﬂ}ﬂﬂgfftﬁ‘blmlP@f‘gpol e piece layer flat and

parall el to theyflial ma&él@sﬂg wall§ o&'ﬂ{esﬁrspéagwbﬂﬁlgﬁd&%rﬂ'ﬁ% ABS end to fyr m ng

the wite gap layer |rst portion san etween t Irst pole
pi ece Iay@esadwndofthesﬁrspmmpmnbf the first conponent and with a first
portion of the insulation |ayer sandw ched between a second portion of the
wite gap |layer and a second

54. A method as claimed in claim 53, including:
forming the rounded recessed end of the first insulation layer between the ABS

and the flare point.

55. A method as claimed in claim 54, including:
forming an insulation stack in the yoke region between the first pole piece layer
and said second component with a recessed end which is spaced from said ABS and

engages the recessed end of the insulation stack.

56. A method as claimed in claim 55, including:

forming a coil layer on the first insulation layer.

57. A method as claimed in claim 56, including:
forming the first pole piece layer flat and parallel to the flat portion of the first
component; and
forming the write gap layer with a first portion sandwiched between the first pole
piece layer and a first portion of the first component and with a first portion of the
~ insulation layer sandwiched between a second portion of the write gap layer and a second

portion of the first component.

58. A method as claimed in claim 57, including:
forming an insulation stack with a supplemental first insulation layer which is

sandwiched between the first insulation layer and the coil layer.

59. A method as claimed in claim 57, including:

ion beam milling the first pole piece using the first component as a mask until the
first pole piece has substantially the same width at the ABS as the first component of the
second pole piece layer at the ABS.
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portion of the first conponent. 58. A nmethod as clainmed in

claim57, including: formng an insulation stack wwth a

suppl emental first insulation |ayer which is sandw ched between the first

i nsul ation | ayer and the coil [|ayer. 59. A met hod as cl ai ned
in claim57, including: - ion beammlling the first pole piece

using the first conponent as a mask unti28-the first pole piece has
substantially the same width at the ABS as the first conponent of the
_sgg?nd pol e pi eg& | ayirm tthoElascalmed in claim 57, including:

forming the first insulation layer with a yoke portion which is flat.

R O N 1 1 Tris is the replacement sheet
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60. A nethod as claimed in claim57, including: formng the first
insulation |ayer with a yoke portion whi ch--is‘“flat. '

29
WRITE HEAD WITH RECESSED STITCHED YOKE ON A PLANAR PORTION OF

AN INSULATION LAYER DEFINING ZERO THROAT HEIGHT

ABSTRACT

A write head which has a recessed stitched yoke on a planar portion of a zero
throat height (ZTH) defining insulation layer and more particularly to a write head which
has first and second components (142 and 144), the first component (142) extending
from an air bearing surface (ABS) to form a pole tip and a second component (144)
recessed and connected to the first component (142) over a flat portion of a first
insulation layer (134) that defines ZTH. The first component (142) is sandwiched
between the first insulation layer (134) and the second component (144).

Fig. 11
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