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INDUCTIVE WRITE HEAD WITH INSULATION STACK
CONFIGURED FOR ELIMINATING REFLECTIVE NOTCHING

BACKGROUND OF THE INVENTION
1. Field of the Invention _
The present invention relates to an inductive write head with an insulation'
- stack configured to eliniinate reflective notching, and more particularly to a uniquely
conﬁgured insulation stack which reflects light away from a second pole tip region of
a photoresist layer during a fabrication step involved in patteminé a second pole tip
in the second pole ﬁp region.
2. Description of the Related Art
An inductive write head includes a coil layer embedded in first, second and
third insulation layers (insulation stack), the insulation’ stack being sandwiched
between first and second pole piece layers. A gap is formed between the first and
second pole piece 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. A current is conducted
through the coil layer, which produces a magnetic field across the gap between the
pole pieces. 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
magnetic disk or longitudinal tracks on a moving magnetic tape.
The second pole piéce 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
magnetic field produced to write information on the recording medium. Since
magnetic flux decays as it travels down the length of the second pole tip, shortening
the second pole tip will increase the flux reaching the recording media. Therefore,

pérfqrmance can be optimized by aggressively placing the flare point close to the
ABS. . |
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BACKGRCUND OF THE | NVENTI ON 1. Field of the Invention The present
“nvention relates to an inductive wite head wi th an insul ation stack
configured to elimmnate reflective notching, and nore particularly to a

uni quel y configured insulation stack which reflects |ight away froma
second pole tip region of a photoresist layer during a fabrication step

I nvolved in patterning a second pole tip in the second pole tip region. 2.
Description of the Related Art An inductive wite head includes a

coil

| ayer enbedded in first, second and third insulation |ayers

(insulation stack), the insulation stack beipg sandw ched between first and
second pole piece layers. A gap is forned between the first and second pol e
pi ece layers by a gap |layer at an air bearing surface(ABS) of the wite

Another parameter important in the design of a write head is the location of
the zero throat height (ZTH). The zero throat height is the location where the first
and second pole pieces first separate from one another after the ABS. ZTH separation
is imposed by an insulation layer, typically the first insulation layer in the insulation
stack. Flux leakage between the first and second pole pieces is minimized by locating
the ZTH as close as possible to the' ABS. ,

Unfortunately, the aforementioned design parameters require a tradeoff 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 fracks. A well-defined
second pole tip should have parallel planar side walls which are perpendicular to the
ABS. 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. _

After construction, the first, second and third insulation layers present front
sloping surfaces which face the ABS. The ZTH defining insulation layer rises from
a plane normal to the ABS at an angle (apex angle) to the plane. The sloping surfaces
of the hard-baked resist of the insulation layers exhibit a high optical réﬂectivity.
When the second pole tip and yoke are constructed, a thick layer of photoresist is spun

_ on top of the insulation layers and photo patterned to shape the second pole tip, using

the conventional photo-lithography technique. In the photo-lithography step,

ultraviolet light is directed vertically through slits in an opaque mask, exposing areas

 of the photoresist which are to be removed by a subsequent development step. One

of the areas to be removed is the area where the second pole piece (pole tip and yoke)
are to be formed by plating. Unfortuné\tely, when the location of the flare point is
placed on the sloping surfaces of the insulation layers, ultraviolet light is reflected

forward, toward the ABS, into photoresist areas at the sides of the second pole tip
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head. The pole piece |ayers are connected at a back gap. A current is
2onducted through the coil |ayer, which produces a magnetic 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 nmedi a, such
as in circular tracks on a rotating magnetic disk or |ongitudinal tracks on
a noving nmagnetic tape. The second pol e piece |ayer has a pole tip
portion which extends fromthe ABS to a flare point and a yoke portion

whi ch extends fromthe flare point to the back gap. The flare point is
where the second pol e piece begins to widens(flare) to formthe yoke. The
pl acenment of the flare point directly affects the magnitude of the nmagnetic
field produced to wite information on the recording medium Since nagnetic

flux decays as it travels, down the |ength of the second pole ti
shorteni ng t h&e8igRonAfish developmgnt, | ?ﬁé‘i‘e%‘hst ethe| JP@S’EE?-FFgCBhé’uWaIdIY’
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notching”. As stated hereinabove 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 solution 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 performance at high linear and high track densities. Ion
milling techniques are typically used to fabricate such write head structures. In this
procesé the first pole is milled using the second pole tip as ‘a mask. Automatic
alignment of the first and second pole tips 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 removed 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
i)iece are also poorly formed. | |

In order to minimize the aforementioned reflective notching problem the ZTH

| defining insulation layer may be provided with a relatively long planar region
commencing at a sloping front recessed end which is spaced from the ABS. The apex-

- of this front 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 deflected
transversely; instead the light is reflected back to its source, thereby obviating
reflective notching from the ZTH defining insulation layer. If the ZTH defining

insulation layer is thin, commencement of the planar region is close to the ZTH.
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Therefore, the flare point can be placed on the planar region very close to the ZTH
to produce a very efficient write head. Since the second pole tip is better formed the
first pole piece can be notched by ion milling to produce better formed 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.

While the aforementioned arrangement has minimized reflective notching, it
has not eliminated it. Unfortunately, the next insulation layer on top of the ZTH
defining insulation layer also causes reflective notching. This next insﬁlaﬁon layer has
a front sloping surface which faces the ABS and which terminates in an edge which
is paralle] to the ABS. During the photo-lithography process making the yoke and the
second pole tip light is reflected from the sloping surféce of the next insulation layer
causing reflective notching adjacent the pole tip region bf the photoresist mask. While
the degree of reflective notching caused by the next insulation layer is not as severe
as reflective notching caused by the prior art ZTH defining insulation layer it would
be desirable if this reflective notching could be eliminated so that a still better formed
second pole tip can be fabricated. _

Another scheme for minimizing reflective notéhing and P1 notching problems
is to construct the second pole piece of first and second components wherein the 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

. pole 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 plating the first component the

" photoresist layer is removed and the first insulation layer, the coil layer and the

second and third insulation layers are formed. The second component of the second
pole piece is then stitched (connected) to the first component and extends from the
ABS to the back gap. Since the second pole tip is well-formed, well-formed notches
can be made in the first pole piece. However, with this head, the ZTH is dependent

This Sheet Has Been Renlaced

[0

Il



Anot’her parameter inportant in the design of a wite head is the |ocation
Jof the zero throat height (ZTH). The zero throat height is the |ocation
where the first and second pol e pieces first separate from one anot her
after the ABS. ZTH separation is inposed by an insulation |ayer, typically
the first insulation layer in the insulation stack. Flux |eakage between
the first and second pole pieces is mnimzed by |locating the ZTH as cl ose
as possible to the ABS. Unfortunately, the aforenentioned design
paraneters require a tradeoff in the fabrication of the second pole tip.
The second pole tip should be well-defined jsp order to produce well-defined
witten traks on the rotating disk. Poor definition of the second pole tip
may result in overwiting of adjacent tracks. A well-defined second pole

ABS. T most WO olR clagatie O e heaessed ndh B 16 AGFEORRPERG: wiiived 6 Pofte
after the IOf BatiRRedndstS U fonh cnBagh 3 pRSviauShurmidiet éiﬂéﬂmé W, R ded e
may result in undesirable flux leakage between the first and second pole pieces.

Further, the second pole piece component extends to the ABS. Since the second

component is typically wider than the first component, as 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 second component to the

first pole piece, causing adjacent tracks to be overwritten. .

Accordingly, there is a strong felt need to provide an mductlve write head

wherein definition of the' side walls of the second pole tip are better formed and are

substantially unaffected by the locations of the flare point and the ZTH.

SUMMARY OF THE INVENTION

The present invention employs the aforementioned ZTH defining insulation

layer with a relatively long flat region, combined with a novel and unique scheme for

eliminating reflective notching from the next insulation layer on top of the ZTH

defining insulation layer. In this regard, the next insulation layer is provided with a

plurality of front sloping surfaces oriented so that light reflected therefrom is not

deflected into regions adjacent the second pole tip region. Each sloping surface may

'- terminate at a front straight edge. The directions of these straight edges will define
the orientations of the sloping surfaces. The first straight edges define a non-linear -

" front edge. In one embodiment the straight edges may all be non-parallel and non-

perpendicular to the ABS. In another embodiment a first plurality of the straight

edges may be perpendicular to the ABS and a second plurality of the straight edges

‘may be non-perpendicular to the ABS with the first and second plurality of straight

edges alternating with respect to one another. It should be noted that these
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i nsul ation layers. Each insul ation | ayer includes a hard-baked phot oresi st
having a sloping front surface. After construction, the first,
second and third insulation |ayers present front sloping surfaces which
face the ABS. The ZTH defining insulation |layer rises froma plane nornma
to the ABS at an angle (apexhangle) to the plane. The sloping surfaces of
t he hard-baked resist of theinsulation |ayers exhibit a high optical
reflectivity. When the second pole tip and yoke are constructed, a thick
| ayer of photoresist is spun on top of the insulation |layers and photo
- patterned to shape the second pole tip, usigg the conventional
phot o-li t hography technique. 1In the photo-I|ithography step, ultraviol et
light is directed vertically through slits in an opaque mask, exposing
areas of the photoresist which are to be remved by a, subs

devel opment steSjPodapents farq Heshare senirast e the PRYLAF mExt gy F‘g‘glll%%’té vghigiy das a

CEEOT 20 2 il M g OB AT SRR g i

sl opi ng surf acasfacs whith deffectsincident fight ransvieiselyvintd e¢gibnghdjacent thé Ipete tip
region, causing feﬂective notching. The method of the invention employs a mask
which forms one of the insulation layers, other than the ZTH defining insulation layer,
with the aforementioned sloping surfaces.

An object of the present invention is to provide an inductive write head and
method of making wherein reflective notching can be virtually eliminated.

Another object is to provide an inductive write head with an insulation stack
which ddes not deflect light to adjacent sides of a pole tip region during a step of
patterning a photoresist layer for fabricating a yoke and second pole tip of a second
pole piece. _ '

A further objéct is to provide (1) a re]atively flat and thin ZTH defining
insulation layer and (2) an insulation layer, other than the ZTH layer, with sloping
surféces which direct light away from sides of a pole tip region during fabrication of
the second pole piece.

Still another oﬁject 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. |

| Stili a further object is to provide an inductive write head wherein the
construction of a well-formed second pole tip is not dependent upon the locations of

' the flare point. | _

Still another object is to provide an inductive write head which has well- -

" formed first and second pole pieces at the ABS, a ZTH which is recessed a relatively
short distance in the head from the ABS and/or a flare point which is recessed a

relatively short distance from the ZTH into the head.

-
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toward the ABS, into photoresist areas at the sides of the second
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Still a further objéct is to provide a method of making an inductive write head
where thefe is virtually no reﬂect,ive notching of the side walls of a resist frame
formed to construct é second pole tip, even though the flare point is placed relatively
close to the ABS.

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 drive of Fig. 1 wherein
multiple disks and magnetic heads are employed.

Fig. 4 is an elevation side view of a front portion of a prior art magnetic head
taken along plane IV-IV of Fig. 2.

Fig. Sis an élevation side view of the prior art head in Fig. 4 in a partially
completed state. _

Fig. 6 is an ABS view of the magnetic head taken along plane VI-VI of Fig.

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 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 an isometric illustration of a portion of the insulation layers of a write

head wherein the first insulation layer has a large planar region.
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region. After devel opnment, the side walls of the photoresist are cut
soutwardly, causing the pole tip to be poorly formed after plating. This is
called "reflective notching". As stated herei nabove this causes overwiting
of adjacent tracks on a rotating disk. It should be evident that, if the
flare point is recessed farZenough into the head, the effect of reflective
not chi ng woul d be reduced or elininated since it would occur behind the

sl opi ng surfaces. However, this solution produces a |ong second pole tip
whi ch qui ckly degrades the head's ability to effectively wite on the
recordi ng nmedi um Future high densitygrecording 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 wi'ting
performance at high_linear and high track densities. lon ml]ing technl ues

are typically used Fig-fl@ds acsehematie, plagrvies of dhellapration shown in Figh 9owath a P2
frame shown in phantom.

Fig. 11 is a side cross-sectional elevation view of a portion of the present write
head taken along plane XI-XI of Fig. 2.

Fig. 12 is a view taken along plane XII-XII of Fig. 11.

Fig. 13 is an isometric view of the insulation stack of the write head of Fig.
1. '

Fig. 14 is a cross-sectional elevation view of the insulation stack of the write
head of Fig. 11 showing a process step which employs a resist layer mask (P2 frame)
and light for fabricating the second pole piece (not shown).

Fig. 15 is a schematic plan illustrating incidence light reflected from the -

" second insulation layer of the insulation stack shown in Fig. 14.

Fig. 16 is a side elevation of a partially completed write head of Fig. 11
showing a process step of fabricating an insulation layer other than the ZTH defining
insulation layer.

Fig. 17 is an isometric elevation view of the insulation stack of another
embodiment of the invention wherein the second insulation layer is the ZTH defining
layer. _

Fig. 18 is a cross-sectional elevation view of the insulation stack of Fig. 17.

Fig. 19 is a schematic plan illustrating incidence light reflected from the third

_ insulation layer of the insulation stack of Figs. 17 and 18.

Fig. 20 is an isometric illustration of another embodiment of the invention

showing an insulation stack with only two insulation layers wherein the second
" insulation layer is the ZTH defining insulation layer.

Fig. 21 is a side elevation view of the insulation stack of Fig. 20.

Fig. 22 is a schematic plan illustration of incidence light reflected from sloping
surfaces of the second insulation layer which sloping surfaces are replications of

sloping surfaces of the first insulation layer.
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process the first pole is milled using the second pole tip as a mask.
sAutomatic alignnent of the first and second pole tips 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 P1
material on either side of /The second pole tip P2 |s r¢moved by the milling
process. The effect of this'milling process forms a "notched P1" structure
whi ch has the aligned vertical side walls between P1 and P2. Unfortunately,
when the second pole tip is poorly forned, the notches in the first pole

pi ece are al so poorly forned. In_ordgc to mnimze the

af orenenti oned reflective notching problel the ZTH defining insulation

| ayer may be provided with a relatively |ong planar region connencing at a

sl opi ng front recess ed- nd which is. ced from S
front recessed end ?féssa‘f FROmERe ﬂi‘%gag ngﬂ% i erﬁ'E cpﬁléa gg@ond poflﬁ&k

piece is |ocated 'rhghzzﬁ:so& mm&egﬂwu&m 5mclaeﬂ¢@nght$emgafbﬂectddlﬁdsm
is not deflected transversely; instead the light is reflected back to its

sour ce, t her elihe sdrondtinsujation layer of the embodiment shown in Fig. 23.
Fig. 25 is a schematic plan illustration of incidence light being reflected from

the second insulation layer of a further embodiment of the invention.

Fig. 26 is a schematic plan illustration of incidence light being reflected from
still another embodiment of the present invention.

Fig. 27 is an isometric illustration of a still further 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 magnetic disk 34. The spindle 32 is rotated by a motor 36 which is cbntrolled by
a motor controller 38. A magnetic head 40, which may be a merged MR head for
recording and reading informatibn 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 suspensmns 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 um) cushion of air (air bearing) by the air bearing -
surface (ABS) 46 of the slider and the magnetic head. The magnetic head 40 is then
employed for writing information to multiple circular tracks on the surface of the disk
34 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 moving the slider to various tracks.
S
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ref!‘e_ct tve notching fromthe ZTH defining insulation layer. If the ZTH
defining insulation layer is thin, conmencenent of the planar region is
close to the ZTH

-10-

Fig. 4 is a side cross-sectional elevation view of-a prior art merged MR head
50 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 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 portioh of the head includes a coil layer 64 sandwiched
between first and second insulation layers 66 and 68. A third insulation layer 70 may
be employed for planarizing ‘the head to eliminate rippies 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. 'fhe first and second pole piece layers 72 and 74 are separated by
a write gap layer 76 at the ABS and are magnetically 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 locétion 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 point 84 to the back

gap. In Fig. 7 are shown a pole tip region 80', a yoke region 82" and the flare point

84' as defined by a resist P2 frame. It should be noted that the merged MR head 50

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 ﬁinétions.

The location of the flare point 84, shown in Figs. 4, 7 and 8, is an important
design parameter of the write head. The further this point is recessed into the head,

the longer the pole tip 80, which increases magnetic inductance and the likelihood that
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-4- Therefore, the flare point can be placed on the planar region very
|lose to the ZTH to produce a very efficient wite head. Since the second
pole tip is better fornmed the first pol e piece can be notched by ion
mlling to produce better formed notches in the first pole piece at the
ABS. Further, the second pote piece fornms a mask to protect the wite gap

| ayer during the ion milling step used to construct thé& coil |ayer.

Wil e the aforenentioned arrangenent has minimzed reflective notching, it
has not elimnated it. Unfortunately, the next insulation |ayer on top of
the ZTH defining insulation | ayer also causpg reflective.notching This next
insul ation |ayer has a front sloping surface which faces the ABS and which
term nates in an edge which is parallel to the ABS. During the

phot ol i t hogr aphy process king the yoke and_ thg se ond oI e p IS
reflected frorfh¢ H@lestm)ﬁﬁ)ﬁg%%waﬁﬁénbﬁsl’?% tﬁ&l‘{xﬁ aye&éé#. Inﬂ?epas" 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 désign parameter in making the write head 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 importént to locate
the ZTH as close as possible to the ABS (typically within about 1 um) 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.

Fig. 5 shows the prior art head 50 of Fig. 4 during the step of constructing the
second pole piece 74 (see Fig. 4). In Fig. 5 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 pble tip region where the second pole tip 80 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. The height h of the
photOresiét layer may be as much as 12 um thick in the pole tip region and is
typically approximately 4.5 um thick above the third insulation layer 70. Since the-

" flare point 84 of the second pble piece 74 (shown in Figs. 4, 7 and 8) is located on
the sloping surfaces of the insulation layers, light directed through a second pole-

" shaped opening (not shown) in a mask 103 will be reflected from the sloping surfaces
forward toward the ABS into areas of the photoresist layer 102 adjacent the pole tip
region. This causes the pole tip region to be wider than the opening in the mask 103.

This is referred to as "reflective notching" and is illustrated in Fig. 7.

i




causi ng reflective notching adjacent the pole tip region of the photoresist
smask. While the degree of reflective notching caused by the next insulation
| ayer is not as severe as reflective notching caused by the prior art ZTH -
defining insulation layer it would be desirable if this reflective notching
could'be elinmnated so that=a still better formed second pole tip can be
fabri cat ed. Anot her scheme for nminimzing reflective notching and P1
not ching problens is to construct the second pole piece of first and second
conponents wherein the first conponent fornms the second pole tip. The first
conponent- i s constructed before the insulati;gn |ayers to elimnate the
reflective notching problem After formng tHhe first pole piece |layer and
the wite gap |ayer, a photoresist layer is spun on the partially conpleted
head. The photoresist layer is very flat so that ultraviolet light fromthe
phot o- pat t er ni ng st a'ﬂlellﬂlmmsmepamrneﬂ:rffbﬂ\mmnd Rﬁkeplepif as ishgwmhat f7|4r thich

I B EWETMER TS e
second conponeng) fhnjeRe Reffeeiife notching of the photoresist layer 102 by light reﬂected at an
angle of incidence from the sloping layers of the insulation layers is shown at 104 and
106. When light ray A is directed doanérdly during th¢ 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, light ray B from the
photo-imaging process is reflected from the sloping surfaces of the insulation layers

behind the flare point 84 at an angle of incidence into the photoresist 102 into a side
region outside 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 n-regular side walls 108 and 110, as shown in Fig. 6. Furthermore,
photoresist notching results in a second pole tip 80 that has wider areas at the upper
pole tip region than at the base of the pole tip (adjacent the write gap). When the
irregular second pole tip 80 is used as a milling mask to notch the first pole tip 72,
the wider regions of the second pole tip shadows the milling beam. Thus, the milling
process is less effective at rémo_ving 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 mcomplete notching of the first pole piece 72.
In Figs. 9 and 10 there is shown a modified insulation stack 120 for a write
head which was filed in a commonly assigned co-pending application Serial No.
' 08/560,062 filed on November 17, 1995. The first insulation layer 122 has a large
flat portion 124 which commences at a front edge or apex 126 and terminates at a
front edge or apex 128 of a second insulation layer 130. Both edges 126 and 128 are
parallel to the ABS. The front edge 126 defines the ZTH of the head making the first
~ insulation layer 122 the ZTH defining insulation layer. An outline 132, which is a P2
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pol & piece is then stitched (connected) to the first conponent and extends
sfromthe ABS to the back gap. Since the second pole tip is well-forned,

wel | -formed notches can be made in the first pole piece. However, with this
head, the ZTH i s dependent

-~ ~~
——
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frame, is shown in phantom for the patterning of the second pole piece in a
photoresist layer (not shown). The outline has a flare point at 134 which is where the
second pole piece flares out from the pole tip region to form the yoke of the second
pole piece. After transition through the photoresist layer 102 light i-ay A is reflected
from the sloping edge of the first insulation layer straight into the pole tip region
which does nof cause any reflective notching. When light ray B is reflected by the
flat portion 124 of the first insulation layer, it is reflected back toward its source and
does not cause ahy reflective notching. A majority of the reflective notching is
eliminated by the scheme shown in Figs. 9 and 10. However, light ray C striking the
sioping surface of the second insulation layer 130 is reflected into regions 138 and
140 adjacent side walls 134 and 136 of the pole tip region as shown in Fig. 10. It
would be desirable if the reflective notching caused by sloping surfaces of insulation
layers other than the ZTH defining insulation layer could be eliminated.

Figs. 11-15 show a first embodiment 150 of the present invention Wthh
improves the scheme shown in Figs. 9 and 10 to completely eliminate reflective
notching of the second pole tip. The first embodiment is the write head portion of the
combined head 150 shown in Fig. 11. The write head includes a coil layer 152 which
is sandwiched betweeﬂ first and second insulation layers 154 and 156. A third
insulation layer 158 is on top of the second insulation layer 156. The first, second
and third insulation layers 154, 156 and 158 form an insulation stack which is

~ sandwiched between first and second pole pieces 160 and 162. The first and second
pole pieces are magnetically connected at a back gap 164 and have first and second
pole tips 166 and 168 which are separated by a gap layer 170. As shown in Fig. 12,
 the pole tip 168 extends from the ABS to a flare point 172. The second pole piece
162 also has a yoke portion 174 which extends from the flare point 172 to the back
gap 164. It should be noted from Fig. 11 that the flare point 172 is located within a
flat portion 176 of the first insulation layer in a similar manner as described for the

insulation stack shown in Figs. 9 and 10.
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- 5- upon the | ocation of the recessed end of the first conponent. Since
‘sthe first conponent has to be I ong enough to provide a sufficient stitching
area, this length may result in undesirable flux | eakage between the first
and second pol e pieces. Further, the second pole piece conponent extends to
the ABS. Since the second cewponent is typically wder than the first
conponent, as viewed fromthe ABS, the second pol e piece has aT-shape. The
upright portion of the T is the front edge of the first conponent of the
second pole piece, and the cross of the T is the front edge of the second
conponent A problemw th this configurationjis observed during operation
when flux fringes fromthe outer corners of the second conponent to the
first pole piece, causing adjacent tracks to be overwitten.

The difference in the embodiment shown in_Figs. 11 and 12 is the:

configuration of a front portion of the second insulation layer as shown in Figs. 13-15.

As shown in Fig. 13, the second insulation layer has a plurality of sloping surfaces

180, 182, 184 and 186 which commence at front edges 188, 190, 192 and 194
respectively. As shown in Figs. 13 and 15, these sloping surfaces are configured so

* that incidence light reflected therefrom during the fabrication step of making the

second pole tip is not deflected into areas adjacent the pole tip region. As shown in

Figs. 13 and 15, light reflected from the sloping surface 180 will not be deflected

adjacent to the pole tip region 196, light A reflected from sloping surface 182 will be

directed parallel to the ABS, outside the area of the pole tip region 196, .light B

reflected from sloping surface 184 will be reflected into areas away from the pole tip

' region 196, and light reflected from the sloping surface 186 will be directed straight
| | into the pole tip region 196, causing no'problem. Accordingly, no light reflected from
the sloping surfaces of the second insulation 1ayer will be directed into areas
immediately adjacent the pole tip region 196. This virtually eliminates all reflective

‘notching. Light reflected from the sloping surface 198 of the third insulation layer

158 will make an insignificant contribution to reflective notching, because the sloping

surface is small and far from the pole tip region 196. Optionally, the third insulation

layer 158 can be fabricated to have sloping surfaces overlapping the sloping surfaces

of the second insulation layer so that they likewise reflect light away from the pole
_ tip region. _ .

In the preferred embodiment, the edges 188, 190, 192 and 194 and the
complementary edges 200, 202 and 204, shown in Fig. 15, are preferably straight.-

" The sloping edge 180 and a coniplementary sloping edge 205 are defined by linear
edges 188 and 204, as shown in Figs. 13 and 15, these edges being colinear and
parallel to the ABS. The sloping surfaces 180,-182, 184, 186 and the complementary
sloping surfaces opposite thereto are defined by a non-linear edge which comprises
straight edges 190, 192, 194, 200 and 202. In this first embodiment, the non-linear
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Accordingly, there is a strong felt need to provide an inductive wite head
wherein definition of the side walls of the second pole tip are better
fornmed and are substantially unaffected by the |ocations of the flare point
and the ZTH. SUWMARY OF THE | NVENTI ON The
present invention enploys tfie af orementi oned ZTH defining insulation |ayer:
with a relatively long flat-region, conbined with a novel and uni que schene
for elimnating reflective notching fromthe next insulation |ayer on top
of the ZTH defining insulation layer. In this regard, the next insulation

| ayer is provided with a plurality of front.1jsloping surfaces oriented so
that light reflected therefromis not deflected into regions adjacent the
second pole tip region. Each sloping surface nay term nate at a front

SO e, SR B g MR SR R A
non- i near and 200 which are at an obtuse angle and an acute angle to the ABS and straight edge
194 which is parailel to the ABS. Locations of these straight edges, which
-collectively compose the non-linear edge, may be in different locations which will be
described hereinafter for other embodiments of the present invention. The only
requirement is that the straight edges define sloping surfaces which reflect light into
areas of the photoresist layer, and thereby obviate reflective notching.
An exemplary method of making the first embodiment is shown in Figs. 16,
14 and 11. In Fig. 16 a photoresist layers 206 is spun on top of the coil and first
insulation layers 152 and 154. An opaque mask 208 is then positioned above the'
photoresist layer 206 as shown in Fig. 16. The opague mask has an opening 210
which has a perimeter which corresp_oncis to the edges 188, 190, 192, 194, 200, 202
and 204 shown in Fig. 15. Light is then directed through the opening 210 to expose
the photoresist layer 206 in the region encompassed by the edges 188, 190, 192, 194,
200, 202 and 204 shown in Fig. 15. The photoresist layer 206 is then developed in
a developer which removes the photoresist layer portion in the aforementioned region
producing the second insulation layer 156 shown in Fig. 13. After forming the third
insulation layer 158 the photorésist layer 206 is spun on the third insulation layer 158
as shown in Fig. 14. An opaque mask 212 is then positioned above the photorésist
layer 206. The opaque mask 212 has an opening (not shown) which corresponds to
the perimeter of the second pole piece shown in Fig. 12. Light' is then directed
. through thé opening in the mask 212 into the photoresist layer 206. The photoresist
layer 206 is then developed with a developer which removes the photoresist within the
* frame providing a pattern for constructing ﬂie yoke and pole tip of the second pole
piece. The second pole piece is then fabricated by plating which results in the head

shown in Fig. 11.
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front edge. In one enmbodi ment the straight edges may all be non-parallel
and non- perpendicular to the ABS. In another enbodinment a first plurality
of the straight edges may be perpendicular to the ABS and a second

plurality of t
the first -and
t o one. anot her.

he strai ght edges may be non-perpendicular to the ABS with
second plurality of straight edges al terp'ail ng with respect
It should e noted that these

-16-
The second embodiment 220 of the present invention is illustrated in Figs. 17-

19. In this embodiment the second insulation layer 222 has a forward edge 224 which
defines the ZTH. The second insulation layer 222 overlays sloping surfaces of a first

~ insulation layer 226 and a third insulation layer 228 overlays the second insulation

layer. The sloping surfaces of the first in_sulatioh layer are defined by straight edges
230, 232, 234, 236, 238, 240 and 242 as shown in Fig. 19. The edges 230 and 242
are straight edges which are colinear and paréllel to the ABS and which define slopes
which reflect light toward the ABS away from the pole tip region 244. The remainder

“of the slopes of the first insulation layer are defined by a non-linear edge which

comprises straight edges 232, 234, 236, 238 and 240 This is the same configuration
as the edges shown for the second insulation layer of the first embodiment 150 in Fig.
15. The second and third insulation layers 222 and 228 on top of the specially
configured first insulation layer 226 replicate the sloping surfaces of the first
insulation layer as shown in Fig. 17. These sloping surfaces direct light, as shown in
part by rays A and B in Figs. 17 and 19, into areas which will not cause reflective
notching of the pattern for the second pole tip shown at 244 in Fig. 19.

A third embodiment 240 of the present invention is shown in Figs. 20-22.
This embodiment is similar to the embodiment shown in Figs. 17-19 except the third
insulation layer has been omitted. The second insulation layer 222 has the front edge
224 which defines the ZTH. The underlying first insulation layer 226 has the

specially configured sloping surfaces which eliminate reflective notching. The second

" insulation layer has sloping surfaces which replicate the sloping surfaces of the first

insulation layer. As shown in Figs. 17 and 20, the sloping surfaces of the second-

- insulation layer reflect light rays A, B and C into areas away from the region for the

second pole tip.
A fourth embodiment 250 of the present invention is illustrated in Figs. 23 and
24. In this embodiment the first insulation layer 252 has a front edge 254 which

defines the ZTH. The second insulation layer 256 has laterally extending linear edges
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- 6- enbodi ments are in sharp contrast to the prior art next insulation

J ayer which has a single straight edge, the straight edge being parallel to
the ABS and defining a sloping surface which deflects incident |ight
transversely into regions adjacent the pole tip region, causing reflective
not chi ng. The nethod of the invention enploys a mask whirth forns one of the
insul ation |ayers, other than the ZTH defining insulation layer, with the
af orenenti oned sl opi ng surfaces. An obj ect of the present invention
is to provide an inductive wite head and nethod of naklng wher ei n :
reflective notching can be virtually el i m naged.

258 and 260 which are paraliel to the ABS and define §loping_surfacés which reflect
light away from the pattern 244 for the second pole tip. The second insulation layer
256 hasa non-'linear edge which comprises straight edges 262, 264, 266, 268, 270 and
272. The straight edges 262 and 272 are ﬁerpendicular to the ABS and the straight
edges 264, 266, 268 and 270 are at acute or obtuse angles to the ABS. The straight
edges 262, 264 and 266 define sloping edges 274, 276 and 278 respectively, which
reflect light rays A, B and C away from the pat_tem 244 for the second pole tip.

. A fifth embodiment 280 of the present invention is shown in Fig. 25. In this
embodiment the front edge 282 of thé first insulation layer defines the ZTH and the
second insulation layer has slbging' surfaces which direct light away from the pattern
244 for the second pole t1p The second insulation layer has laterally extending
straight edges 284 and 286 whith are parallel to the ABS and define sloping surfaces
which direct light away from the pattern 244. The second insulation layer further has

" a non-linear edge which comprises straight edges 288, 290, 292 and 294 which are all

non-perpendicular and non-parallel to the ABS. The straight edges 288, 290, 292 and
294 of the non-linear edge define sloping surfaces which direct light rays, such as rays
A and B, away from the pattern 244 for the second pole tip.

A sixth embodiment 300 of the present invention is illustrated in-Fig. 26
wherein the first insulation layer has an edge 302 which defines the ZTH. The second
insulation layer has the specially coﬁfiéured sloping surfaces so that light reflected
therefrom will not cause reflective notching. The second insulation layer has laterally
extending first and second straight edges 304 and 306 which extend parallel to the
ABS and define sloping surfaces which reflect light outside the paﬁem 244 for the
second pole tip. The second insulation layer further has a non-linear edge which
comprises straight edges 308, 310, 312, 314, 316, 318, 320 and 322 which define
corresponding sloping surfaces of the second insulation layer which direct light away
from the pattern 244 as exemplified by light rays A, B and C. The straight edges 308,
312, 318 and 322 are perpendicular to the ABS and the straight edges 310, 314, 316
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Anot her object is to provide an inductive wite head wth an insul ation
stack which does not deflect light to adjacent sides of a pole tip region
during a step of patterning a photoresist |ayer for fabricating a yoke and
second pole tip of a second pol e piece. A further object is to
provide (1) a relatively flzan and thin ZTH defining i nsgkation | ayer and
(2) antinsulation |ayer, other than the ZTH |l ayer, with sl oping surfaces
which direct light away from sides of a pole tip region during fabrication
of the second pol e piece. - Still another object of the present
invention is to provide an inductive wite hgad having a well-fornmed second
pole tip in which the flare point is relatively close to the ABS.

Still a further object is to provide an inductive wite head wherein the

fgg;t ,r gﬁtsi 8? ? Ta}gc? ﬁﬁ%_r&%ir-p%glle and rrllgng)%lrpeenhic%lair%o B?etA.g__gPe&g each side of t&-xg?xead
the first and seéond.plm'ality of straight edges of the non-linear edge alternate with
respect to one another. '

A seventh embodiment 330 of the present invention is illustrated in Fig. 27
wherein the first insulation layér 332 is embedded in the first pole piece layer (not
shown). The gap layer 170 is séndwiched between the first insulation layer 332 and
the second insulation layer 334. The front edge 336 of the first insulation layer
defines the ZTH and the second insulation layer 334 is configured in the same manner
as the second insulation layer shown in Fig. 15 for the first embodiment of the
invention.

Clearly, other embodiments and modifications of this invention will occur
readily to thosé of ordihary skill in the art in view of thc-ese teachings. In this regard
it should be understood that the present magnetic head may optiona;lly be employed
in a magnetic tape drive. Therefore, this invention is to be limited only by the
following claims, which include all such embodiments and modifications when viewed

in conjunction with the above specification and accompanying drawings.
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Still anot her object is to provide an inductive wite head which has well-
fornmed Ol e pieces at the ABS, a ZTH which is recessed a

relatively shor in the head fromthe ABS and/or a flare point
whi ch |5““ % “arﬁfl ver short distance fromthe ZTH into the head.

/.-

-19-
CLAIMS
WE CLAIM:
1. A thin film inductive write head which has a pole tip region between

an air bearing surface (ABS) and a flare point, a yoke region between the flare point
and a back gap and a zero throat height (ZTH) between the ABS and the flare point,
the head having a second pole piece which has a yoke in the yoke region and a second
pole tip in the pole tip region, and a step in the fabrication of the yoke and second
pole tip including patterning a photoresist layer with light directed through a mask to
expose the phoforesist layer with a 'pattém of the yoke and a pattern of the second
pole tip, the head comprising:

an insulation stack which includes a plurality of insulation layers;

one of the insulation léyem having a front edge between the ABS and the flare

*~ point for defining the ZTH;

another one of the insulation layers having a plurality of sloping surfaces
which are reflective to said light directed throi.lgh said mask;

each sloping surface terminating at a respective front edée, the front edges
collectively forming a non-linear front edge; and

the sloping surfaces being oriented so that said light reflected by the sloping
surfaces of said another one of the insulation layers is directed into areas of the

photoresist layer away from the pattern of the second pole tip.

2. A combined head including the inductive write head of claim 1, the
combined head including:

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

the MR stripe 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.
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7o Still a further object is to provide a nmethod of nmeking an
| nductive wite head where there is virtually no reflective notching of the
si de frame formed to construct a second pole tip, even
thougwgmg‘m!m ‘ﬁl“l s placed relatively close to the ABS. Q her
obj ect endant *advarntages of the present invention will becone

apparent upon reading the follow ng description taken together wth the
acconpanyi ng draw ngs.

-20- -

3. A magnetic disk drive including the combined head as claimed in claim
2, the drive comprising: )

a frame;

a magnetic disk rotatably supported in the frame;

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

means for rotating the ma_gnetic disk;

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

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

combined head.

4, A write head as claimed in claim 1 wherein the non-linear edge is

composed of a plurality of straight edges which are non-parallel to the ABS.

5. A write head as claimed in claim 1 including:

a first pole piece;

said another insulation layer being a first insulation layer formed on the first
_ pole piece;

a coil layer formed 6n the first insulation layer; and

said one insulation layer being a second insulation layer formed on the coil

" layer.

6. A write head as claimed in claim 1 including:
said another one of the insulation layers having first and second parallel edges
which are parallel to the ABS; and

“iiﬁTTHtliﬁlﬁi]Tlﬁ’ﬁll |
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BRI EF W NGS Fig. 1 is a planar view of an
sexenpl ar dISk drive. Fig. 2 is an end view (trailing edge)
of a sllmﬂmm 'ﬂ' Iane [1-11 showing a magnetic head in hidden
lines. n el evation view of the magnetic di sk drive of
Fig. 1 \/\herel n rrultl pIe di sk3 and nagnetic heads are enproyed. Fi g.
4 is an elevation side viewof a front portion of a prior art magnetic head
taken al ong plane IV-1V of Fig. 2. Fig. 5is an elevation side view
of the prior art head in Fig. 4 in a partially conpleted state. - Fi g.

6 is an ABS view of the magnetic head taken_gjong plane VI-VI of Fig. 4.
Fig. 7 is a planar view of the partially conpl eted head shown in Fig. 6
with the resist franme shown in phantom

the non-linear edge being located between the first and second parallel edges

and contiguous therewith.

7. A write head as claimed in claim 6 including:
a coil layer embedded in the insulation stack; and
~ the non-linear edge being located between the coil layer and a line defined by
the first and second parallel edges.

8. A write head as claimed in claim 1 including:

each front edge being a straight edge; and

a first plurality of the straight edges being perpendicular to the ABS and a
secoﬁd plurality of the straight edges being at an acute or obtuse angle to the ABS.

9. A write head as claimed in claim 8 wherein the first and second

plurality of straight edges alternate with respect to one another.

10. A wirite head as claimed in claim 1 including:
each front edge being a straight edge; and
all of the straight edges being non-perpendicular and non-parallel to the ABS.

11. A write head as claimed in claim 1 including:
said one of the insulation layers having a flat portion which is located between
its front edge and the coil layer, the flat portion deﬁning a flat portion region; and"

the flare point being located within said flat portion region.

12. A write head as claimed in claim 11 wherein said front edges provide

boundaries for said flat portion.
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Fi.g. 8 is an isonetric vi aken generally along plane VIII-VIIl of Fig. 7
with the phe!—eregi/FTa’ygrewr_ieaned so as to show the first, second and
third insul at m“L Fig. 9 is an isonetric illustration of a
portion of mm m yers of a wite head whereln the first

i nsul atlon I

shield layers.

sa Farge planar region.

22

13. A write head as claimed in claim 12 including:

each front edge being a straight edge; and

the non-linear edge being composed of a plurality of straight edges which are -
non-parallel to the ABS.

14. A combined head including the inductive write head of claim 13, the
combined head including:

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

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

first and seéond shield layers; and

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

15. A magnetic disk drive including the combined head as claimed in claim
14, the drive comprising:

a frame; _

a magnetic disk rotatably supported in the frame;

a support mounted on the frame for supporting the combined head in a

transducing relationship with the magnetic disk;

means for rotating the magnetic disk;

positioning means connected to the support for moving the combined head to
multiple poéitions with respect to said magnetic disk; and

means connected to the combined head, to the means for rotating the magnetic

~ disk, and to the positioning means for exchanging signals with the combined head, for

controlling movement of the magnetic disk and for controlling the position of the

combined head.
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10 Is a schematic plan view of the illustration shown in

Flg 9vmthaP2 shown i n phant om Fig. 11 is a side

cross ion view of a portion of the present wite head taken
al ong ”ﬂ'ﬁnﬁfl g. 2. Fig. 12 is a view taken al ong pl ane
XI1-X o°T Righ Fig. 13 is an isonmetric view-6f the insulation
stack of the wite head of Fig. 11. Fig. 14 is a cross-sectional

el evation view of the insulation stack of the wite

23-

16. . A write head as claimed in claim 13 wherein a first plurality of the
straight edges is perpendicular to the ABS and a second plurality of the straight edges

is at an acute or obtuse angle to the ABS.

17. A write head as claimed in claim 16 wherein the first and second
plurality of straight edges alternate with respect to one another.

18. A write head as claimed in claim 13 including:
said another one of the insulation layers having first and second parallel edges
which are parallel to the ABS; and |
| _ the non-linear edgé Being located between the first and second parallel edges

and contiguous therewith.’

19. A write head as claimed in claim 18 including:
" a coil layer embedded in the insulation stack; ar_zd
the non-linear edge being located between the coil Jayer and a line defined by

the first and second parallel edges.

~20. A write head as claimed in claim 19 including:
a first pole piece;
said one insulation layer being a first insulation layer formed on the first pole
piece; |
the coil layer being formed on the first insulation layer; and
said another insulation layer being a second insulation layer formed on said-

coil layer.

21. A combined head including the inductive write head of claim 20, the

combined head including:

This Sheet Has Been Reﬂlac

(Ll




he‘ad"of Fig. 11 showi ng a process step whi ch enpl oys a resist |ayer nmask
(P2 frame) and light for fabricating the second pole piece (not shown).
Fig. 15 is a schematic plan illustrating incidence light reflected fromthe

second““ﬂlmﬂﬂlmulI'uﬂlL of the insulation stack shown in Fig. 14.
Fig i'on -of a partially conpleted wiste head of Fig. 11
showi ng “a ro est st ep of fabricating an insulation Iayer ot her than the

ZTH defining insulation |ayer. Fig. 17 is an isonetric elevation
view of the insulation stack of another enbodi ment of the invention wherein
the second insulation layer is the ZTH definbgg | ayer. Fig. 18 is a
cross-sectional el-evation view of the insulation stack of Fig. 17.

Fig. 19 is a schematic plan illustrating inci dence I [ ght reflected fromthe
third insulation | ayer of the,insulation sta Ei‘ 7 apd 18.

Fig. 20 is an i sorret?intagi'lﬂ%%ﬁlﬁ*’é’?lw})maﬁép‘& F AR IAERL i nventi on

the MR stripe 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.

22. A magnetic diSk drive including the combined head as claimed in claim
21, the drive comprising: '

a frame; _

a magnetic disk rotatably supported in the frame;

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

means for rotating the magnetic disk;

positioning means connecte':d to the support for moving the combined head to
multiple positions with respect to said magnetic disk; and

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

combined head.

23. A write head as claimed in claim 19 including:

a first pole piece;

said another insulation layer being a first insulation layer formed on saici first
- pole piece;

the coil layer being formed on the first insulation layer; and

said one insulation layer being a second insulation layer formed on the coil

layer.
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stwwi ack with only two insulation |ayers wherein the
"Second er is the ZTH defining insulation |ayer. Fig.
21 is m VI' ew of the insulation stack of Fig. 20. Fig.
22 is a* | | lustration of incidence light reflected from

sl opi ng surfaces of the second insul ation |ayer which sioping surfaces are
replications of sloping surfaces of the first insulation |ayer.

-25-

24. A combined head including the inductive write head of claim 23, the
combined head including:

a magnetoreéistive (MR) stripe and first and second gap layers;

the MR stripe 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.

25. A magnetic disk drive including the combined head as claimed in claim
24, the drive comprising:
a frame;
a magnetic disk rotatably supported in the frame;
a support mounted on the frame for supporting the combined head in a
transducing relationship with the magnetic disk;
means for rotating the magnetic disk;
positioning means connected to the support for moving the combined head to
multiple positions with respect to said magnetic disk; and -
means connected to the combined head, to the means for rotating the magnetic
disk, and to the positioning means for exchanging signals with the combined head, for
controlliné_ movement of the magnetic disk and for controlling the position of the

combined head.

26. A method of making a thin film inductive write head which has a pole-

" tip region between an air bearing surface (ABS) and a flare point, a yoke region
between the flare point and a back gap and a zero throat height (ZTH) between the
ABS and the flare point, the head having a second pole piece which has a yoke in the
pole tip région and a second pole tip in the pole tip region which is fabricated by

directing light through a mask into a photoresist layer to expose the photoresist layer
- "
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-9:- ’ Fig. 23 is an isonmetric illustration of another enbodi nent of

the inventiop————Fg. 24 is a schematic plan illustration of incidence

| i ght being reflecte om the second insulation |ayer of the embodi ment
shown i E\m“ﬂ“mz 1\“@ Fig. 25 is a schematic plan illustration of

i nci den flecyed fromthe second insul atiem | ayer of a
further énbbdi rent of t he inventi on. Fig. 26 is a-schematic pl an
il lustration of incidence |ight being reflected fromstill another
enbodi nent of the present invention. Fig. 27 is an isonetric
illustration of a still further enbodi ment of_oghe present

with a pattern of the yoke and a pattern of the second pole tip, said light being
reflected by front sloping surfaces of insulation layers in the head, the method
comprising the stepé of:

forming a first pole piece;

forming a ‘plurality of said insulation layers on the first pole piece, each
insulation layer having at least one front sloping surface, each front sloping surface
terminating at a respective front edge; '

forming one of the insulation layers (ZTH defining insulation layer) with an

~ edge which defines the ZTH; and

forming another one of the insulation layers with a plurality of said sloping

surfaces, the sloping surfaces being oriented so that the light reflected from the
S sloping surfacés' of said another one of the insulation layers is directed into areas of

the photoresist layer remote from the pattern of the second pole tip.

27. A method as claimed in claim 26 including:

the front edge of each sldping surface of said another one of the insulation
layers being a straight edge; and |

the straight edges of the sloping surfaces of said another one of the insulation

layers collectively forming a non-linear edge.

28. A method as claimed in claim 27 wherein the non-linear edge is

composed of a plurality of straight edges which are non-parallel to the ABS.

29. A method as claimed in claim 26 including:
the ZTH defining insulation layer being a first insulation layer; and
said another one of the insulation layers being a second insulation layer on top

of said first insulation layer. |
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i nvent ion. _ DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Re?errrng now to the drawi ngs wherein |ike reference nuneral s designate

li ke or ﬂlmummmmulnloughout the several views there is illustrated in
Figs. 1 di sk drive 30. The drive 30 includes a spindle 32
whi ch supporfs and' rétafes ammagnetic disk 34. The spindla 32 is rotated by
a notor 36 which is controlled by a notor controller 38. A magnetic head
40, which nay be a nerged MR head for recording and reading i nformation on
the disk 34, is mounted on a slider 42 which, in turn, is supported by a
suspension 43 and actuator arm44. A pluralityy of disks, sliders and
suspensions may be enployed in a large capacity direct access storage

devi ce (DASD) as shown in Fig. 3. The suspension 43 and actuator arm 44
position the slider 42 todgl ace the nagnetic head 40 in a transducing

relationship with a 30rf adk method as claimed in claim 26 including:
said another one of the insulation layers being a first insulation layer; and
the ZTH defining insulation layer being a second insulation layer on top of

said first insulation layer.

"31. A method as claimed in claim 27 including: |
said another one of the insulation layers having first and second parallel edges
which are parallel to the ABS; and '
the non-linear edge being located between the first and second parallel edges

.and contiguous therewith.

~ 32. A method as claimed in claim 31 including:
a coil layer embedded in said insulation layers; and
the non-linear edge being located between the coil layer and a line defined by

the .ﬁrst and second parallel edges.

33. A method as claimed in claim 27 wherein a first plurality of the‘straight
edges is perpendicular to the ABS and a second plurality of the straight edges is at an
acute or obtuse angle to the ABS.

34. A method as claimed in claim 33 wherein the first and second plurality

of straight edges alternate with respect to one another.

35. A method as claimed in claim 27 wherein all of the straight edges are

non-perpendicular and non-parallel to the ABS.
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of & the magnetlc di sk 34. Wien the disk 34 is rotated by the mawp—ss—m,;_

sflder is supported on a thin (typically, .075 [err]m I on of alr '
bearing) by the air bearing surface (ABS) 46 of the sli der an i "MI”"I
head. The magnetic head 40 is then enployed for witing inf or

multiple circular tracks on the surface of the disk 34 and for readlng

I nformati on therefrom ProceSS|ng circuitry 48 exchanges signals
representing such information with the head 40, provides notor drive :
signals, and al so provides control signals for noving the slider to various
tracks. 28-

36. A method as claimed in claim 27 including:
the ZTH defining layer having a flat portion which is located between its front
edge and a coil layer, the flat portion defining a flat portion region; and

the flare point being located within said flat portion region.

- 37. A method as claimed in claim 36 wherein said straight edges provide -
at least a partial boundary for said flat portion.

38. - A method as claimed in claim 37 wherein the non-linear edge is

composed of a plurality of straight edges which are non-parallel to the ABS.

39.  Amethod as claimed in claini 38 wherein a first plurality of the straight
edges is perpendicular to the ABS and a second plurality of the straight edges is at an
acute or obfuse angle to the ABS.

40. A method as claimed in claim 39 wherein the first and second plurality

of straight edges alternate with respect to one another.

41. A method as claimed in claim 37 including:

said another 6ne of the insulation layers having ﬁrst and second parallel edges
which are parallel to the ABS; and |

the non-linear edge being located between the first and second parallel edges

and contiguous therewith.

42. A method as claimed in claim 41 including:
a coil layer embedded in said insulation layers; and
. the non-linear edge being located between the coil layer and a line defined by

the first and second parallel edges.
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-l@-{' Fig. 4 is a side cross-sectional elevation viewof -a prior
art nmerged MR head 50 which has a wite head portion and a read head

portion. The read head portion of the nerged MR head i ncl udﬁmﬂt"mﬂlllﬁmmll
52 sandwi ched between first and second gap | ayers 54 and 56
-second gap | ayers, in turn,-Dei ng sandw ched between fipst and second

shield layers 58 and 60. In response to external nmagnetic fields, the
resi stance of the MR sensor 52 changes. A sense current conduct ed t hr ough

-29- : -

43. A method as claimed in claim 42 including:

the ZTH deﬁmng insulation layer being a first insulation layer, and

said another one of the insulation layers being a second insulation layer which
is on top of the first insulation layer.

44, A method as claimed in claim 42 including:
said another one of the insulation layers being a first insulation layer; and

said ZTH defining insulation layer bemg a second insulation layer formed on
said first insulation layer.
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ghe‘sensor causes these changes to be mani fested as potential changes.
*These potential changes are processed by the processing circuitry 48 shown
in Fig. 3. The wite head portion of the head includes a coil |ayer
64 sandw ched between first and second insulation |layers 66 and 68. A third
i nsul ation | ayer 70 may be enpl oyed for planarizing the head to elimnate
ripples in the second insulation | ayer exmdsed by the coil |ayer 64. The

coil layer 64, and the first, second and third insulation |ayers 66, 68 and
70 are sandw cheBNBHIGHYE WRIJE HEAD ME@IWEAWQUeST%‘}KrGSNﬂ@m. The

first and second pol e piece | rs, /2. .and 74 ar by a wite gap
| ayer 76 at the ABS an@ﬁ@#ﬁéﬁ‘&ﬂ%@l Mf@m gap (not shown)
which is Wﬁb&omthe ABS. As shown in Fig. 4, the second pol e piece

| ayer 74 e tip 80 and ‘a yoke 82, the nerging of these conponents

Bﬁi ot ece | ayaiebressih faRiigh shpiol o aeihe SBEAR IR S0 Wi 350000
bt onds 1 FORRYRIE e, DAAYERIONI PR o seipthe B ihting Hene e dolhidlibm
the next insulation layer (156) on top of the ZTH defining insulation layer. This has

been accomplished by providing the next insulation layer (156) with a plurality of
sloping surfaces (180, 182, 184 and 186) which are oriented so that light reflected by the
sloping surfaces (180, 182, 184 and 186) is directed to areas remote from a pattern of a
second pole tip (168) in a photoresist layer which is employed for fabricating the second
pole tip (168). The sloping surfaces terminate at a non-lingar front edge which may
include a plurality of straight edges (190, 192, 194, 200 and 202) extending in

| predetermined directions. The direégions of these sttéight edges will define the
orientations of the sloping surfaces. In one embodiment the straight edges may all be
non-parallel and non-perpendicular to the ABS.
Figs. 11 - 15
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gap."In | | )
flare point 84' as defined by a resist P2 frane.

In Fig. 7 are shown a pole tip region 80",

piece for the-wite héad._.Ap
for these functions.
is an inportant design paraneter of the wite head. The

Fi gs.

4, 7 and 8,
further this point
whi ch i ncreases magn

TS0 LA

The location of the flare point 84,

a yoke region 82' and the
It should be noted that
the nerged MR head 50 enploys a single |layer 60/72 to serve a double
function as a second -shield layer for the read head and as a first pole
ggyback MR head enpl oys twe separate |ayers

is recessed into the head}l/18he | onger the pole ti

shown in
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the pole A §m§ Sikddrate in response to flux fromthe coil layer 64,
In the: pa dlfflcult to locate the flare point closer to the
ABS t han -+ Il " ﬂ‘ se of a fabrication problemin making the second

pol e t|p her inportant design paraneter in making the wite
head is the |location of a zero throat height (ZTH), which is where the

first and second pol e piece |ayers /////’

)

R
‘7_1 d .
24

h

. YOKE ~ .1 POLE TIP_ 1

— REGION ™1™ REGION ~ |
90 - g oy |~ FLARE POINT |

l
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72 and 74 first separate fromone another behind the ABS. It is inportant

to locate the ZTH as cl ose as possible to the ABS (typically mﬂh@SMmahmB&m
[err]m in order. to reduce the flux |oss between the pole- plece

before the fields reach the gap | ayer 76 at the ABS. In‘the pr| w"’
| ocating the ZTH close to the ABS contributed to the aforenentlone pr

of fabricating a well-defined second pol e t3/pS80. Fig. 5 shows the
prior art head 50 of Fig. 4 during the stepgef constructing the second pole
piece 74 (see Fig. 4). In Fig. 5 the first, pecond and third insulation

| ayers 66, 68 and 70 are sho 2 and 94
respectively, which term nate jat apexes 96, 98 and 100 res ectively. As

st at ed herei nabove, the first,/ second and yT@ i nsul ation Jl ayers are
har d- baked photoresist which ftesults é% t he opi ﬁ urfaces 90, 92 and 94
being highly reflective to |idht. \ e glopi éfsqrfa es 90, 92 and 94
face the pole tip region whereg the second pale tip 80 of t

piece 74 is to be formed. The Fecond pol'e piece Is formed

th a
phot oresi st | ayer 102 spun on {top of the ngypqlly conpl etz 68y/7he
hei ght h of the

second pol e

L
L §

/,/f .
FIG. 6 2 52° St 58
PRIOR ART _ . '
. 84—~
P2 YOKE REGION ———»t<—POLE TIP REGION
FRAME 102 94 132 92 , 90

- —

I
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Sphotc;resi st layer may be as nuch as 12 [err]mthi’ck' in the pole tipregieA—
and is typically approximately 4.5 [err]mthick above the thi mﬁsgmagh&g

1 ayer -70. Since the, flare—-point 84 of the second pol Qgpi ece 74 WH laced
Figs. 4, 7 and 8) is located on the sloping surfaces of the ini Hmumm ,I
| ayers, light directed through a second pol e- shaped opening (

a mask 103 will be reflected fromthe sloping surfaces forward toward the

ABS into areas of the photoresist |ayer 102 adjacent the pole tip region.

This causes the pole tip region to be wider than the opening in the mask

103. This is referred to as "reflective Qﬁié:hi ng" and is illustrated in
Fig. 7.

FIG. 8
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-12: The photoresist pattern for the second pole piece I's shown at

* 74" which conprises the pole tip pattern 80" and the yoke ThistShex HasHéen RepAbed
is referred to as the "P2 frame". Reflective notchi ng_-of thﬁlﬂ"ﬁ!ﬂﬂﬂﬂl ﬁ
|'ayer 102 by light reflected at an angle of incidence from. & !1
|.ayers of the insulation layers is shown at 104 and 106." Wien 11

Is directed dowmmwardly during the photo-inmagi ng step of the

5/15
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Jphotoresist, it i eflected at an angle of incidence into the pole tip
'regiﬁﬁ‘ © , mﬁ& any -reflective notching of the second pole tinp.
Fbmeveu u from t he:-phot o-i magi ng process is reflected fromthe
sl opin ' he insul at.ion |ayers behind the flare point 84 at an
angl e of incidence into the photoresist. 102 into a side region outside the
I ntended pole tip 80" shown in Fig. 7. It is light reflection B-and sim| ar
light reflections that cause the reflective notching showmn in Fig. 7. o
When the s |l e piece 74 is plated and g photoresi st |ayer 102 $Z
renoved th ead ts complete, as shown in Frg. 4. However, the pole tﬂi

I s poorly forned, exhibithggcbr&pgular siJe wal ls 108, and 110, as shom@§ﬁh
Fig. 6. Furthernofe, photasedihsto notchingoresults in @@ second pol e ti po8e

t hat has mﬁdqbkgreas at tfie ypp&r pole tip regio l_Lhaﬁ:at t he base of tlhe
pole tip (adj@c@nt the wite gap). Wen Sie I rreguEar \second pole tip Q0 is
used as a nilNidg mask t q-heybh-dhe—hirstopol e tFp 724 t-he pwi +egr of
t-he second pd-&-tip shad wﬁftﬁe— | 1'ijng beam THu®- the m lfl.i ng {process is
less effectivp at regovi figot Hp% {{list fpole tip maferial dir ctly+tben@at h t he
si de ~ e~y g_ ' -
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wal | s of the second pole tip. This results in a poorly formed Pl notched"
wite head structure due to inconplete notching of the first pole piece 72.
In Figs. 9-and 10 there is shown a nodified insulation stack 120 for a
write head which was filed ifn:a commonly assigned co-pending application
Serial No. 08/560,062 filed 6n Novenber 17, 1995. The first insulation

| ayer 122 has a large flat portion 124 which commences at a front edge or
apex 126 and termnates at a front edge or apex 128 of a second insulation
| ayer 130. Both edges 126 and 128 are para%}gl to the ABS. The front edge
126 defines the ZTH of the head w&ki ng the #Prst insul ation | ayer 122 the
ZTH defining insulation | ayes” An ouf$ig§ 132, which is a P2

198

“S— P2 FRAME

180

I1
g , zZH
LIGHT zx? LIGHT
e l _____________________ i:__;? _____ J———-Q
152 158 156
206
D N
2
\7/\ NV NN N2
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-13- . frane, is shown in phantomfor the patterning of the second pole

pi ece’ in a photoresist layer: (not shown). The outline has a flare point at
134 which is where the second pole piece flares out fromthe pole tip
region to formthe yoke of tHe second pol e piece. After transition through
t he photoresist layer 102 light ray Ais reflected
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fromthe sloping edge of the first insulation |ayer straight into the pole
tip region which does not cause any reflective notching. Wen light ray B -
is reflected by the flat portion 124 of the first insulation layer, it is
reflected back toward i"ts sotrce and does not cause an§§Teflective'
notching. A majority of the reflective notching is elimnated by the schene
shown in Figs. 9 and 10. However, light ray C striking the sloping surface
of the second insulation |ayer 130 is reflected into regions 138 and 140
adj acent side walls 134 and 136 of the pole tip region as showmn in Fig. 10.
It would be desirable if the reflective not ng caused by sl oping surfaces
of insulation |layers other than the ZTH defining insulation |ayer could be
el i m nat ed. Figs. 11-15 show a first enbodi 150 of the present

i nvention which inproves the scheme _shewn in Eyg§f' and 10 to conpletely
elimnate reflective notching of e secofichpol e tip. The first enbodi nent
Is the wite head portion of e conbi ned hea 50 showmn in Fig. 11. The
wite head includes a coll—tayer 152 which is sapdwi-chgd FiR&MEen first and
second insulatign layges 154 and 156. A third

13
137
_ ~N\I3
NN, /A&{\g\ Iz 3
I1 '
' Z ! (
S 76
FIG. 18 | ZTH ——

* This Sheet Has Been Reﬂlacgd




insulation layer 158 is on top of the second insul ation |ayer 156. The
“first, second and.third-tnsul ation |ayers 154, 156 and 158 form an

i nsul ati.on stack which is sandwi ched between first and second pol e pi eces
160 and 162. The first and second pol e pieces are magnetically connected at
a back gap 164 and have first and second pole tips 166 and 168 which are
separated by a gap layer 170. As shown in Fig. 12, the pole tip 168 extends
fromthe ABS to a flare point 172. The second pol e piece 162 al so has a
yoke portion 174 which extends fromthe ﬁhﬁie point 172 to the back gap
164. It should be noted fromFig. 11 tha e flare point 172 is | ocated
within a flat portion 176 of the first insulation layer in a simlar manner
as described for the insulation stack shown in Figs. 9 and 10.
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-14- The difference in the enbodi ment shown in Figs. 11 and 12 is
the configuration of a front portion of the second insulation | ayer as

shown in Figs. 13-15., As shewn in Fig. 13,

a plurality.of sloping surfaces

.20
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380, 182, 184 and 186 which commence at front edges 188, 190, 192 and 194
respectively., As shown in Figs. 13 and 15, these sloping.surfaces are
configured so that intidence™ight reflected therefrom during the
fabrication 'step of naking the second pole tip is not deflected into areas
adj acent the pole tip region. As shown in Figs. 13 and 15, light reflected
fromthe sloping surface 180 wll not be deflected adjacent to the pole tip
region 196, light A reflected fromsloping surface 182 will be directed
parallel to the ABS, outside the area of the pole tip region 196, light B
reflected fromsloping surface 184 will bel3/d5| ected into areas away from
the pole tip region 196, and |light reflected fromthe sloping surface 186
will be directed straight into the pole tip region 196, causing no problem
Accordingly, no light reflected fromthe sloping surfaces of the second
insulation layer will be directed into areas i medi atel y adj acent the pole
tip region 196. This virtually elimnates all reflective notching. Light
reflected fromthe sloping surface 198 of the third insulation |ayer 158
wi-l | make an insignificant contribution to reflective notching, because the
sl opi ng
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surface is small and far f~omthe pole tip region 196. Optionally, the
third insulation |ayer 158 can be fabricated to have sToping surfaces
over |l appi ng the sloping surfaces of the second insulation |ayer so that
they likew se reflect |ight away fromthe pole tip region. In the
preferred enbodi nent, the edges 188, 190, 192 and 194 and the conpl enentary
edges 200, 202 and 204, shown in Fig. 15, are preferably straight. The

sl opi ng edge 180 and a conpl enentary sl ol8/ag edge 205 are defined by |inear
edges 188 and 204, as shown in Figs. 13 and 15, these edges bei ng colinear
and parallel to the ABS. The sl oping surfaces 180, 182, 184, 186 and the
conpl enentary sl opi ng surfaces oppostté thereto are defined by a non-linear

edge which conprises straig etlges 190, 192?{}F4R\29Q2a£QA£&3. In this

first enmbodi nent, the non-
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-15- = edge has strai ght edges 190 and 202 whi ch are.perpendlcular to the
ABS; -edges 192 and 200 which are at an obtuse angle and an acute angle to

t he. ABS and stralght edge .~ s
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194 which i$ paral l el. to the~ABS. Locations of these stfaight edges, which
col | ectively conpose the non-1inear edge, may be in different |ocations
which will be described hereinafter for other enbodi nents of the present
invention. The only requirenent is that the strai ght edges define sl oping
surfaces which reflect light into areas of the photoresist |ayer, and

t hereby obviate reflective notching. An exenpl ary nmet hod of naki ng
the first enbodinment is shown in Figs. 16, 14 and 11. In Fig. 16 a
photoresi st layers 206 is spun on top of #f&5o0il and first insulation

| ayers 152 and 154. An opaque mask 208 is then positi-oned above the

phot oresi st | ayer 206 as shown in Fig. 16. The opaque mask has an openi ng
210 which has a perineter which corresponds to the edges 188, 190, 192,
194, 200, 202 and 204 shown in Fig. 15. Light is then directed through the
opening 210 to expose the photoresist |ayer 206 in the regi on enconpassed
by the edges 188, 190, 192, 194, 200, 202 and 204 shown in Fig. 15. The
phot oresi st |layer 206 is then devel oped in a devel oper which renoves the
phot oresi st | ayer portion in the aforenmentioned region
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produm ng 1 he seco
the third insul ati
third insul ation |

156 shown d~n Eig 13, After formng

s to the penlﬂElDﬁlw (s} hghgggctm

h directed {hg g
mask 212 into the hotore5| st layer 206. The ph )tore5| st Ia&? 06 |s
devel oped with a developer which removes the phptgr 6 t hj t{‘@ (f\(!qq\ce

providing a pattern for constructing the ycike al

pol e pi ece.

bhot or esi st || aye REPDACEMENTUSHERTS he SG

£ n Fig. 14. | A Deseriptiomppaged 19, ios N&ﬁn‘s
posi tioned above the ph&OcN@MQW | hypr 206. The | oflaClaim@Rsk: Bagad 14Stoapa ed

openi ng (not shown
pi ece shown in Fig.

2.

-----

The second pole piece is then Fabricated by pI ati ng V\/m ch

results in the head shown in Fig. 11.

INDUCTIVE WRITE HEAD WITH INSULATION STACK
CONFIGURED FOR ELIMINATING REFLECTIVE NOTCHING

, BACKGROUND OF THE INVENTION
1. Field of the Invention _ _
The present invention relates to an inductive write head with an insulation
stack configured to eliminate reflective notching, and more particularly to a uniquely
configured insulation stack which reflects light away from a second pole tip region of
a photoresist layer dunng a fabncauon step involved in pattemmg a second pole tip

‘in the second pole tlp region.

2. " Description of the Related Art
; An inductive write head includes a coil layer embedded in first, second and

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

between first and second pole piece layers. A gap is formed between the first and
second pole piece layers by a gap layer at an air bearing surface,iA.BS) of the write
head. The pole piece layers are connected at a back gap. A current is conducted
through thé coil layer, which produces a magnetic field across the gap between the
pole pieces.” 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
magnetic disk or longitudinal tracks on a moving magnetic tape.

The second pole pi_eée 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

magnetic field produced to write information on the recording medium. Since
magnetic flux decays as it travels down the length of the second pole tip, shortening
the second pole tip will increase the flux reaching the recording media. Therefore,

performance can be optimized by aggressively placing the flare point close to the
ABS. o
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Another parameter important in the design of a write head is the location of
the zero throat height (ZTH). The zero throat height is the location where the fnét
and second pole pieces.ﬁrst separate from one another after the ABS. ZTH separation
is imposed by an insulation layer, typically the first insvilation layer in the insulation
stack. Flux leakage between the ﬁrst and second pole pieces is minimized by locating -
the ZTH as close as possible to the ABS. '

Unfortunately, the aforementioned design parameters reqmre a tradeoff in the
fabrication of the second pole tip. The second pole tip should be well-defined in
order to prodﬁce 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
ABS. 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. _ '

After construction, the first, second and third insulation layers present front
sloping surfaces which face the ABS. The ZTH defining insulation layer rises from
a plane normal to the ABS at an angle (apex angle) to the plane. The sloping surfaces
of the hard-baked resist of the insulation layers exhibit a high optical reflectivity.
When the second pole tip and yoke are constructed, a thick layer of photoresist is spun

_ontop of the insulation layers and photo patterned to shape the second pole tip, using
the conventional phofo-lithography technique. In the photo-lithography step,
ultraviolet light is directed vertically through slits in an opaque mask, exposing areas
of the photoresist which are to be removed by a subsequent development step. One
of the 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 insulation layers, ultraviolet light is reflected

forward, toward the ABS, into photoresist areas at the sides of the second pole tip



ARNT € . _
.' ‘“ #éﬂyﬁinsulation | ayer 228 overl ays the second
zdb&§8‘§g7Seraces of the first insulation |layer are
g 2 34, 234, 236, 238, 240 and 242 as shown in

230 and 242 grg.strai ght edges which are colinear and
parallel to the jA nd whi ch deflne sl opes which reflect light toward the
ABS away fromt 244. The remai nder of the slopes of the
first insulation | ayer are defined by a non-linear edge which conprises
strai ght edges 232, 234,236,238 and 240. This is the same configuration as
the edges shown for the second insulation [ayer of the first enbodi ment 150
in Fig. 15. The second and third insulation |ayers 222 and 228 on top of
the specially configured first insulation |ayer 226 replicate the sl oping
surfaces of the first insulation layer as shown in Fig. 17. These sl oping

surfaces dir gegioni gmfter adevelapment,, thea side pyallsagf the phetopesift areqgeut autwasdlyio,
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the present inpechrhg™on Assstaftﬁ\ﬂlibréiﬁaﬁb@sthl@%&%s 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 solution produces a long
second pole tip which quickly degrades the head’s ability to effecnvely write on the
recording medium.

Future high density recording wxll requxre heads with first and second pole txps
that have side walls that are vertically aligned. Such structures provide superior on
track and track edge writing performance at high linear and high tra:ck densities. Ion
milling techniques are typically used to fabricate such write head structures. In this

insulation |ayer}
defined by strailg
Fig. 19. The eddge

process the first pole is milled using the second pole tip as ‘a mask. Automatic
alignment of the first and second pole tips is achieved since the second pole ﬁp is
used as the milling mask to protect the region of the first pole tip that is directly
beneath it while the unprotécted P1 material on either side of the second pole tip P2
is removed by the milling process. The effect of this milling process forms a
"notched P1" structure which has the aligned vertical side Mls between P1 and P2.
Unfortunately, when the second pole tip is poorly formed, the notches in the first pole
,i)iece are also poorly formed. |
In order to minimize the aforementioned reflective notching problem the ZTH
.--c.leﬁning insulation layer may be provided with a relatively long planar region
commencing at a sloping front recessed end which is spaced from the ABS. The apex
- of this front 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 deflected
transversely; instead the light is reflected back to its source, thereby obviating
reflective notching from the ZTH defining insulation layer. If the ZTH defining

insulation layer is thin, commencement of the planar region is close to the ZTH.



Shudh e :wjgnbodinent shown in Figs. 17-19 except
the third insul at§of nfomtted. The second insulation | ayer
222 has the front ewgeﬁ NOVVE®h Hefines the ZTH. The underlying first

i nsul ation | ayer 6 has the specjally configured sloping surfaces which
elimnate reflectijve notchi ng. The §econd insul ation | ayer has sl oping
surfaces which reglicate the slopinl surfaces of the first insulation

| ayer. As shown in Figs: 17 and 20, the sloping surfaces of the second
insulation layer reflect light rays AL B and Cinto areas away fromthe
region for the second pole tip. A fourth enbodi nent 250 of the
present invention is illustrated in Figs. o8 and 24. In this enbodi ment the
first insulation |ayer 252 has a front edge 254 which defines the ZTH The

second insulation layer 256 has |aterally extending |inear edges
Therefore, the flare point can be placed on the planar region very close to the ZTH

to produce a very efficient write head. Since the second pole tip is better formed the
first pole piece can be notched by ion milling to produce better formed 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.

While the aforementioned arrangement has minimized reflective notching, it
hmsnoteﬁnﬁnakdit'Ihﬂbﬁumﬂdy;ﬂklnxthﬁuhﬁonlawniﬁlUu:ofﬂn:ZHTi
<kﬁhﬁnginﬁﬂaﬁanhuwrahn<mn$wr€ﬂathrmmdﬁng.Tlﬁsmmninﬂﬂaﬁmnhqmrhas
a front sloping~ surface which faces the ABS and which terminates in an edge which
is parallel to the ABS. During the photo-lithography process making the yoke and the
second pole tip light is reflected from the sloping surface of the next insulation layer
causing reflective notching adjacent the pole tip region of the photoresist mask. While
the degree of reflective notching caused by the next insulafion layer is not as severe
as reflective notching caused by the prior art ZTH defining insulation layer it would
be desirable if this reflective notching could be eliminated so that a still better formed
second pole tip can be fabricated.

Another scheme for minimizing reflective notching and P1 notching problems
is to construct the second. pole piece of first and second components wherein the first
component forms the second pole tip. The first component is constructed before the
insulation layers to eliminate the reflective notching problem. Aﬁer forfning the first

_pole piece layer and the write gap layer, a photoresist layer is spun on the partially
completed head. The .p.hotoresist layer is very flat so that ultraviolet light from the
photo-patterning step is not reflected forward. After plating the first component the

" photoresist layer is removed and the first insulation layer, the coil layer and the
second and third insulation layers are formed. The second component of the second
pole piece is then stitched (connected) to the first component and extends from the
ABS to the back gap. Since the second pole tip is well-formed, well-formed notches

can be made in the first pole piece. However, with this head, the ZTH is dependent



_1%. " 258 and 248
surfaces which reflect | |
ti p. The second ilndul éta

el to the ABS and define sl oping
firomthe pattern 244 for the second pole

P —

b=

- -5-

upon the location of the recessed end of the first component. Since the first
component has to be long enoﬁgh to provide a sufficient stitching area, this length
may result in undesirable flux leakage between the first and second pole piéces.
Further, the second pole piece component extends to the ABS. Since the second
component is typically wider than the first component, as viewed from the ABS, the
second polé 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 second component to the
first pole piece, causing adjacent tracks to be overwritten. _

Accordingly, there is a strong. felt need to provide an inductive write head
wherein definition of the side walls of the second pole tip are better formed and are

substantially unaffected by the locations of the flare point and the ZTH.

SUMMARY OF THE INVENTION

The present invention employs the aforementioned ZTH defining insulation

layer with a relatively long flat region, combined with a novel and unique scheme for
eliminating reflective notching from the next insulation layer on top of the ZTH
defining insulation layer. In this regard, the next insulation layer is provided with a
plurality of front sloping surfaces oriented so that light reflected therefrom is not
deflected into regions adjacent the second pole tip region. Each slopmg surface may
-termmate at a front straight edge. The directions of these straight edges will define
the orientations of the sloping surfaces. The first straight edges define a non-linear
" front edge. In one embodiment the straight edges may all be non-parallel and non-
perpendicular to the ABS. In another embodiment a first plurality of the straight
edges may be perpendicular to the ABS and a second plurality of the straight edges
may be non-perpendicular to the ABS with the first and second plurality of straight

edges alternating with respect to one another. It should be noted that these
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286 has a non-lijndar %gﬂﬁuwghih cqnprises straight edges 262, 264, 266,

268, 270 and 2734 héL b - dddes 262 and 272 are perpendicular to the
ABS and the strai gnt edges 264, }246, 268 and 270 are at acute or obtuse .
angles to the ABS. ges 262, 264 and 266 define sloping edges
274, 276 and 278&_resp | ch reflect light rays A, B and C away
fromthe pattern 244 for the second pole tip. A fifth enbodi nent 280
of the present invention is shown in Fig. 25. In this enbodi nent the front
edge 282 of the first insulation |layer defines the ZTH and the second

insul ation |ayer has sloping surfaces which direct |ight away fromthe
pattern 244 for the second pole tip. The second insulation |ayer has

| ateral |y extending strai ght edges 284 and 286 which are parallel to the

ABS and define, s] oping syrfaces which direct |ight away fromthe_ patjern
242 The. e RREPGIRSTIN.ATP 37 SRAPoFORTEARt 1o e PROr AXt At LPSYBHOTOIRYEr W Das &

ComDr 1325 <848 HouHFRT B e 1R RN 6 ANl defpinga sloping
292 and 294 suifachevhich deflectsrincidest lgliti tramsedrsgly intosregions exljadent thedpolectip
'tght rays, rségi%rrll, acg.usrix?gy f'eﬂecﬁve notching. The method of the invention employs a mask
which forms one of the insulation layers, other than the ZTH defining insulation layer,
with the aforementioned sloping surfaces. ‘
_ An object of the present invention is to provide an inductive write head and
method of making wherein reflective notching can be virtually ehmmated
Another object is to provide an inductive write head with an insulation stack
which does not deflect light to adjacent sides of a pole tip region during a step of

patterning a photoresist layer for fabricating a yoke and second pole up of a second

pole piece. _ P ;

A further objéct is to provide (1) a relatively flat and thin ZTH defining
insulation layer and (2) an insulation layer, other than the ZTH layer, with sloping
surfaces which direct light away from sides of a pole tip region during fabrication of
the second pole piece.

Still another oi)ject 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. |

| Stili a further object is to provide an inductive write head wherein the

construction of a well-formed second pole tip is not dependent upon the locations of
‘the flare point. ' '

Still another object is to provide an inductive write head which has well-

" formed first and second pole pieces at the ABS, a ZTH which is recessed a relatively

short distance in the head from the ABS and/or a flare point which is recessed a

relatively short distance from the ZTH into the head.
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formed to construct a second pole tip, even though the flare point is placed relatively
close to the ABS.

Other objects and attendant advantages of the present invention will become

rrpllfled by |I3
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ere 1s

apparent upon reading the followmg description taken together with the accompanying
drawmgs

BRIEF DESCRIPTION OF THE DRAWINGS
_Fig. 1 is a planar view of an qxemplary‘ 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 dnve of Fig. 1 wherein
multiple disks and magnetic heads are employed. .
~ Fig. 4 is an elevation side view of a front portion of a prior art magnetic head
taken along plane IV-IV of Fig. 2.
Fig. 5 is an elevation side view of the prior art head in Fig. 4 in a partially
completed state.
Fig. 6 is an ABS view of the magnetic head taken along plane VI-VI of Fig.

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 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 an isometric illustration of a portion of the insulation layers of a write

head wherein the first insulation layer has a large planar fegion.
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Fig. 10 is a schematic plan view of the illustration shown in Fig. 9 with a P2
frame shown in phantom.

Fig. 11 is a side é:oss—sectional elevation view of a portion of the present write
head taken along plane XI-XI of .Fig. 2.

Fig. 12 is a view taken along plane XII-XII of Fig. 11.

Fig. 13 is an‘isometric view of the insulation stack of the write head of Fig.
11. ' B

Fig. 14 is a cross-sectional elevation view of the insulation stack of the write
head of Fig. 11 showing a process step which employs a resist layer mask (P2 frame)
and light for fabricating the second pole piece. (not shown).

Fig. 15 is a schematic plan illustrating incidence light reflected from the -
second insulation' layer of the insulation stack shown in Fig. 14.

Fig. 16 is a side elevation of a partially completed write head of Fig. 11
showing a process step of 'fabricating an insulation layer other than the ZTH defining
insulation layer. '

Fig. 17 is an isometric elevation view of the insulation stack of another
embodiment of the invention wherein the second insulation layer is the ZTH defining

layer.
Fig. 18 is a cross-sectional elevation view of the insulation stack of Fig. 17.

Fig. 19 is a schematic plan illustrating incidence light reflected from the third

insulation layer of the insulation stack of Figs. 17 and 18.

Fig. 20 is an isometric illustration of another embodiment of the invention

showing an insulation stack with only two insulation layers wherein the second

" insulation layer is the ZTH defining insulation layer.

Fig. 21 is a side elevation view of the insulation stack of Fig. 20.
Fig. 22 is a schematic plan illustration of incidence light reflected from sloping
surfaces of the second insulation layer which sloping surfaces are replications of

sloping surfaces of the first insulation layer.
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bC f straight edges of the non-linear edge
alternate with § ggg@@hfﬁﬁh ot her. A sevent h enbodi nent 330 of
the present ihve tfated in Fig. 27 wherein the first
insulation | ayer 332 is enbedded in the first pole piece | ayer (not shown).
The gap | ayer ' ' between the first insulation |layer 332 and
the second insulation |ayer 334. The front edge 336 of the first insulation
| ayer defines the ZTH and the second insulation |ayer 334 is configured in
t he sane manner as the second insulation |ayer shown in Fig. 15 for the

first.enbodi nent of the invention. @.early, other_ enbodi nents and
nodi fications of this invention will occur readily to those of ordinary
skill in the art in view of these teachings. In this regard it should be

ander ot oo 1ot T5ePASES A LoRGBUn AT In SR BBttt TR B, e
foll méw ng clains, pihisdid 4 snédtutid/plars HRltrRO6K iBidefceight Bhg r&dctad fropen
viene the second insulation layer of the embodiment shown in Fig. 23.
Fig. 25 is a schematic plan illustration of incidence light being reflected from
the second insulation layer of a further embodiment of the invention.
Fig. 26 is a schematic plan illustration of incidence light being reflected from -
still another embodiment of the pfesent invention. |
Fig. 27 is an isometric illustration of a still further embodiment of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings wherein like referencé 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 spppbrts and rotates
a magnetic disk 34. The spindle 32 is rotated by a motor 36 which is controlled by
a motor controller 38. A magnetic head 40, which may be a merged MR head for
recording and reading infonnatibn 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 um) cushion of air (air bearing) by the air bearing
surface (ABS) 46 of the slider and the magnetic head. The magnetic head 40 is then
employed for writing information to multiple circular tracks on the surface of the disk
34 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 moving the slider to various tracks.
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Fig. 4 is a side cross-sectional elevation view of a prior art merged MR head
50 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 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 insulation layer 70 may

be employed for planarizing ‘the head to eliminate ripples in the second insula_tion
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 magnetically coupled-at a back gap (not
shown) which is spaced from the ABS. As shown in Fig. 4, the second pole piece
layér 74 has a pole tip 80 and a yoke 82, the merging of these cdmponents 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 point 84 to the back

~_gap. In Fig. 7 are shown a pole tip region 80’, a yoke region 82' and the flare point

84' as defined by a resist P2 frame. It should be noted that the merged MR head 50

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.
The location of the flare point 84, shown in F igs. 4, 7 and 8, is an important
design parameter of the write head. The further this point is recessed into the head,

the longer the pole tip 80, which increases magnetic inductance and the likelihood that
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CLAI MG ° MMENT SHERR! A thin filminductive wite head which
has a pole tip{rdgion betweeiianlair bearing surface (ABS) and a flare

poi nt, a yoke fedgi oﬂaﬁquggyt e{flare point and a back gap and a zero

t hroat height (ZJH) between thg¢ ABS and the flare point, the head having a
second pol e pi gce whr cirtras—a~yoke in the yoke region and a second pole tip
in the pole tip-region, and a step in the fabrication of the yoke and
second pole tip including patterning a photoresist layer with |ight
directed through a mask to expose the photoresist layer with a pattern of
the yoke and a pattern of the second pole tip, the head conprising:

an insulation stack which includes a plurality of insulation |ayers;

one of the insulation |ayers having a front edge between the ABS and the
flare -

the pole tip 80 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 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 um) in order to
reduce the flux loss between the pole pieces'70 and 74 before the fields ;each 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.

Fig. 5 shows the prior art head 50 of Fig. 4 during the step of constructing the
second pole piece 74 (see Fig. 4). In Fig. 5 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 80 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. The height h of the
photoresi-st layer may be as much as 12 um thick in the pole tip region and is
typically approximately 4.5 um thick above the third insulation layer 70. Since the |
“'ﬂare point 84 of the second pole piece 74 (shown in Figs. 4, 7 and 8) is located on
the sloping surfaces of the insulation layers, light directed through a second pole-
* shaped opening (not shown) in a mask 103 will be reflected from the sloping surfaces
forward toward the ABS into areas of the photoresist layer 102 adjacent the pole tip
region. This causes the pole tip region to be wider than the opening in the mask 103.

This is referred to as "reflective notching” and is illustrated in Fig. 7.
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havi ng a plur qurfaces which are reflective to said |ight
directed thr 9@ Waﬁb? each sloping surface termnating at a
respective fro ge, e frljoqt edges collectively form ng a non-I|inear
front edge; t-ha-sliofji ng surfaces being oriented so that said

| i ght. reflected by the sloping|surfaces of said another one of the
i nsul ation | ayers rsdrrected—tnto areas of the photoresist |ayer away from

the pattern of the second pole tinp. 2. A conbi ned head

I ncludi ng the inductive wite head of clai 1, the conbi ned head

I ncl udi ng: a magnetoresistive (MR) stripe and first and second gap
| ayers; the MR stripe being sandw ched between the first and second
gap | ayers;

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 layer 102 by light reflected at an
angle of incidence from the sloping layers of the insulation layers is shown at 104 and
106. When light ray A is directed downwardly during the photo-imaging step of the
photoresisf, it is reflected at an anglé of incidence into the pole tip region without
causing any reflective notching of the second pole tip. However, light ray B from the
photo-imaging process is reflected from the sloping surfaces of the insulation layers
behind the flare point 84 at an angle of incidence into the photoresist 102 into a side
region outside 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. 6. Furthermore,
photoresist notching resﬁlts in a second pole tip 80 that has wider areés at the upper
pole tip region than at the base of the pole tip (adjacent the write gap). When the
irregular second pole tip 80 is used as a milling mask to notch the first pole tip 72,
the wider regions of the second pole tip shadows the 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. Ttus results in a poorly formed P1 notched write head

__structure due to incomplete notching of the first pole piece 72.
In Figs. 9 and 10 there is shown a modified insulation stack 120 for a write
head which was filed in a corhmonly assigned co-pending application Serial No.
" 08/560,062 filed on November 17, 1995. The first insulation layer 122 has a large
flat portion 124 which commences at a front edge or apex 126 and terminates at a
front edge or apex 128 of a second insulation layer 130. Both edges 126 and 128 are
parallel to the ABS. The front edge 126 defines the ZTH of the head making the first
insulation layer 122 the ZTH defining insulation layer. An outline 132, which is a P2
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frame, is shown in phantom for the patterning of the second pole piece in a
photoresist layer (not shown). The outline has a flare point at 134 which is where the
'second pole piece flares out from the pole tip region to form the yoke of the second
pole piece. After transition through the photoresist layei' 102 light ray A is reflected
from the sloping edge of the first insulation layer straight into the pole tip region
which does not cause any reflective notching. 'When light ray B is reflected by the
flat portion 124 of the first insulation layer, it is reflected back toward its source and
does not i:ause a-r'ly reflective notching. A majority of the reflective notching is
eliminated by the scheme shown in Figs. 9 and 10. However, light ray C striking the
sl'opi‘ng surface of the second insulation layer 130 is reflected into regions 138 and
140 é.djacent side walls 134 and 136 of the pole tip region as shown in Fig. 10. It
would be desirable if the reflective notching caused by sloping surfaces of insulation
layers other than the ZTH defining insulation layer could be eliminated.

Figs. 11-15 show a first embodiment 150 of the present invention whlch
improves the scheme shown in Figs. 9 and 10 to completely “€liminate reflective
notching of the second pole tip. The first embodiment is the write head portion of the
combineﬂ head 150 shown in Fig. 11. The write head includes a coil layer 152 which
is sandwiched between first and second insulation layers 154 and 156. A third
insulation layer 158 is on top of the second insilation layer 156. The first, second
and third insulation layers 154, 156 and 158 form an insulation stack which is

_ sandwiched between first and second pole pieces 160 and 162. The first and second
..pole pieces are magnéiically connected at a back gap 164 and have first and second
pole tips 166 and 168 which are separated by a gap layer 170. As shown in Fig. 12,

' the pole tip 168 extends from the ABS to a flare point 172. The second pole piece
162 also has a yoke portion 174 which extends from the flare point 172 to the back
gap 164. It should be noted from Fig. 11 that the flare point 172 is located within a
flat portion 176 of the first insulation layer in a similar manner as described for the

insulation stack shown in Figs. 9 and 10.
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The difference in thé embodiment shown in Figs. 11 and 12 is the
configuration of a front portion of the second insulation layer as shown in Figs. 13-15.
As shown in Fig. 13, the second insulation layer has a plurality of sloping surfaces
180, 182, 184 and 186 which commence at front edgés 188, 190, i92 and 194
respectively. As shown in Figs. 13 and 15, these sloping surfaces are configured so

~ that incidence light reflected therefrom during the fabrication step of making the
. second pole tip is not deflected into areas adjacent the pole tip region. As shown in
Figs. 13 and 15, light reflected from the sloping surface 180 will not be deflected
adjacent to the pole tip region 196, light A reflected from sloping surface 182 will be
directed paralle]l to the ABS, outside the area of the pole tip region 196, light B
reﬂectéd from sloping surface 184 will be reflected into areas away from the .pole tip
region'196, and light reflected from the sloping surface 186 will be directed straight
into the pole tip region 196,' causing no'problem. Accordingly, no light reflected from
the sloping surfaces of the second insulation lgyer will be directed into areas
immediately adjacent the pole tip region 196. This virtually eliminates all reflective
notching. Light reflected from the sloping surface 198 of the third insulation layer
158 will make an insignificant contribution to reflective notching, because the sloping
surface is small and far from the pole tip region 196. Optionally;, the third insulation
layer 158 can be fabricated to have sloping surfaces ovérlapping the sloping surfaces
of the second insulation layer so that they likewise reflect light away from the pole
..ti_p region. ..
- In the preferréd embodiment, the edges 188, 190, 192 and 194 and the
complementary edges 200, 202 and 204, shown in Fig. 15, are preferably straight.
- The sloping edge 180 and a complementary sloping edge 205 are defined by linear
edges 188 and 204, as shown in Figs. 13 and 15, these edges being colinear and
parallel to the ABS. The sloping surfaces 180, 182, 184, 186 and the complementary
sloping surfaces opposite thereto are defined by a non-linear edge which comprises
straight edges 190, 192, 194, 200 and 202. In this first embodiment, the non-linear
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edge has straight edges 190 and 202 which are perpendicular to the ABS, edges 192
and 200 which are at an obtuse angle and an acute angle to the ABS and straight edge
194 which is parallel to the ABS. Locations of these straight edges, which
collectively compose the non-linear edge, may be in different locations which will be
described hereinafter for other embodiments of the present invention. The only
requirement is that the straight edges define sloping surfaces which reflect light into
areas of the photoresist layer, and thereby obviate reflective notching.
An exemplary method of making the first embodiment is shown in Figs. 16,
14 and 11. In Fig. 16 a photoresist layers 206 is spun on top of the coil and first
insulation layers 152 and 154. An opaque mask 208 is then positioned above the
photoresist layer 206 as shown in Fig. 16. The opaque mask has an opening 210
i : which has a perimeter which corresponcis to the edges 18_8, 190, 192, 194, 200, 202 '
and 204 shown in Fig. 15. Light is then directed througﬁ the opening 210 to expose
the photoresist layer 206 in the region enéompassed by the edges 188, 190, 192, 194,
200, 202 and 204 shown in Fig. 15. The photoresist layer 206 1s then developed in
a developer which removes the phoforesist layer portion in the aforementioned region
producing the second insulation layer 156 shown in Fig. 13. After forming the third
insulation layer 158 the photoresist layer 206 is spun on the third insulation layer 158
as shown in Fig. 14. An.opaque mask 212 is then positioned above the photoresist
layer 206. The opaque mask 212 has an opening (not shown) which corresponds to
the perimeter of the second pole piece shown in Fig. 12. Light is then directed
" through the opening in the mask 212 into the photoresist layer 206. The photoresist
layer 206 is then developed with a developer which removes the photorésist within the
* frame providing a pattern for constructing the yoke and 'pole tip of the second pole
piece. The second pole piece is then fabricated by plating which results in the head

shown in Fig. 11.
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The second embodiment 220 of the present invention is illustrated in Figs. 17-
19. In this embodiment the second insulation layer 222 has a forward edge 224 which
defines the ZTH. The second insulation layer 222 overlays sloping surfaces of a first
* insulation layer 226 and a third insulation layer 228 overlays the second insulation
layer. The sloping surfaces of the first insulatiori_ layer are defined by straight edges
230, 232, 234, 236, 238, 240 and 242 as shown in Fig. 19. The edges 230 and 242
are straight edges which are colinear and parallei to the ABS and which define slopes
‘which reflect light toward the ABS away from the pole tip region 244. The remainder
of the slopes of the first insulation layer are defined by a non-linear edge which
comprises straight edges 232, 234, 236, 238 and 240. This is the same configuration
as the édges shown for the second insulation layer of the first embodiment 150 in Fig.
15. The second and third insulation layers 222 and 228 on top of the specially
configured first insulation layer 226 replicate the sloping surfaces of the first
insulation layer as shown in Fig. 17. These sloping surfaces direct light, as shown in
part by rays A and B in Figs. 17 and 19, into areas which will not cause reflective
notching of the pattern for the second pole tip shown at 244 in Fig. 19.
A third embodiment 240 of the present invention is shown in Figs. 20-22.
This embodiment is similar to the embodiment shown in Figs. 17-19 except the third
insulation layer has been omitted. The second insulation layer 222 has the front edge
224 which defines the ZTH. The underlying first insulation layer 226 has the
specially configured sloping surfaces which eliminate reflective notching. The second
.-.i'nsulation layer has sloping surfaces which replicate the sloping surfaces of the first
insulation layer. As shown in Figs. 17 and 20, the sloping surfaces of the second
- insulation layer reflect light rays A, B and C into areas away from the region for the
second pole tip.
A fourth embodiment 250 of the present invention is illustrated in Figs. 23 and
24. In this embodiment the first insulation layer 252 has a front edge 254 which

defines the ZTH. The second insulation layer 256 has laterally extending linear edges
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258 and 260 which are parallel to the ABS and define sloping surfaces which reflect
light away from the pattern 244 for the second pole tip. The second insulation layér
256 has a non-linear edge which comprises straight edges 262, 264, 266, 268, 270 and
272. The straight edges 262 and 272 are perpendicular to the ABS and the straight
edges 264, 266, 268 and 270 are at acute or oi)tuse angles to the ABS. The straight
edges 262, 264 and 266 define sloping edges 274, 276 and 278 respectively, which
reflect light rays A, B and C away from the paftem 244 for the second pole tip.
A fifth embodiment 280 of the present invention is shown in Fig. 25. In this
embodiment the front edge 282 of the first insulation layer defines the ZTH and the
second insulation layer has sloping surfaces which direct light away from the pattern
244 for the second pole tip. The second insulation layer has laterélly extending
straight edges 284 and 286 which are parallel to the ABS and define sloping surfaces
which direct light away from the pattern 244. The second insulation layer further has

" anon-linear edge which comprises straight edges 288, 290, 292 and 294 which are all
non-perpendicular and non-parallel to the ABS. The straight edges 288, 290, 292 and
294 of the non-linear edge define sloping surfaces which direct light rays, such as rays
A and B, away from the pattern 244 for the second pole tip.

A sixth embodiment 300 of the present invention is illustrated in Fig. 26
wherein the first insulation layer has an edge 302 which defines the ZTH. The second
insulation layer has the specially configured sloping surfaces so that light reflected
therefrom will not cause reflective notching. The second insulation layer has laterally

'-“extending first and second straight edges 304 and 306 which extend parallel to the
ABS and define sloping surfaces which reflect light outside the paﬁem 244 for the
second pole tip. The second insulation layer further has a non-linear edge which
comprises straight edges 308, 310, 312, 314, 316, 318, 320 and 322 which define
corresponding sloping surfaces of the second insulation layer which direct light away
from the pattern 244 as exemplified by light rays A, B and C. The straight edges 308,
312, 318 and 322 are perpendicular to the ABS and the straight edges 310, 314, 316
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and 320 are non-paralle] and non-perpendicular to the ABS. On each side of the head
the first and second plurality of straight edges of the non-linear edge alternate with
respect to one another.

A seventh embodiment 330 of the present invention is illustrated in Fig. 27
wherein the first insulation layer 332 is embedded in the first pole piece layer (not
shown). The gap layer 170 is sandwiched between the first insulation layer 332 and
the second insulation layer 334. The front edge 336 of the first insulation layer
defines the ZTH and the second insulation layer 334 is configured in the same manner
as the second insulation layer shown in Fig. 15 for the first embodiment of the

invention.
Clearly, other embodiments and modifications of this invention will occur

readily to those of ordinary skill in the art in view of these teachings.: In this regard

it should be understood that the present magnetic head may optiona:.lly be employed
.in a magnetic tape drive. Therefore, this invention is to be limited only by the

following claims, which include all such embodiments and modifications when viewed

in conjunction with the above specification and accompanying drawings.
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"CLAIMS

WE CLAIM:

1. A thin film inductive write head which has a pole tip region between
an air bearing surface (ABS) and a flare point, a yoke fegion between the flare point
and a back gap and a zero throat height (ZTH) between the ABS and the flare point,
the head having a second pole piece which has a yoke in the yoke region and a second
pole.tip in the pole tip region, and a step in the fabrication of the yoke and second
pole tip including patterning a photoresist layer with light directed through a mask to
expose the phoforesist layer with a pattern of the yoke and a pattern of the second .
pole tip, the head comprising: _ o |

an insulation stack which includes a plurality of msulatlon layers;

i one of the insulation layers having a front edge between the ABS and the flare
* point for defining the ZTH; | |

another one of the insulation layers having a plurality of sloping surfaces
which are reflective to said light directed through said mask;

" each slbping surface terminating at a respective front edge, the front edges
collectively forming a .non-line_ar front edge; and

the sloping surfaces being oriented so that said light reflected by the sloping
surfaces of said another one of the insulation layers is directed into areas of the

photoresist layer away from the pattern of the second pole tip.

2. A combined head including the inductive write head of claim 1, the
combined head including:

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

the MR stripe 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.
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3. A magnetic disk drive including the combined head as claimed in claim
2, the drive comprising:

a frame; |

a magnetic disk rotatably supported in the frame;

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

means for rotating the magnetic disk; |

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

means connected to the combined head, to the means for rotating the magnetic
disk, and to the positioning means for exchanging signals with the c_omb:ined head, for
controlling movement of the magnetic disk and for controlling the position of the
combined head. :

4. A write head as claimed in claim 1 wherein the non-linear edge is

composed of a plurality of straight edges which are non-parallel to the ABS.

5. A write head as claimed in claim 1 including:

a first pole piece; _
said another insulation layer being a first insulation layer formed on the first

. pole piece;

a coil layer formed on the first insulation layer; and

said one insulation layer being a second insulation layer formed on the coil

" layer.

6. A write head as claimed in claim 1 including:
said another one of the insulation layers having first and second parallel edges

which are parallel to the ABS; and
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the non-linear edge being located between the first and second parallel edges

and contiguous therewith.

7. A write head as claimed in claim 6 including:

a coil layer embedded in the insulation stack; and

the non-linear edge being located between the coil layer and a line defined by
the first and second parallel edges. '

8. A write head as claimed in claim 1 including:

each front edge being a straight edge; and

a first plurality of the straight edges bemg perpendlcular to the ABS and a
secoﬁd plurality of the straight edges being at an acute or obtuse angle to the ABS.

9. A write head as claimed in claim 8 wherein the first and second

plurality of straight edges alternate with respect to one another.”

10. A write head as claimed in claim 1 including:
each front edge being a straight edge; and
all of the straight edges being non-perpendicular and non-parallel to the ABS.

11. A write head as claimed in claim 1 including:
said one of the insulation layers having a flat portion which is located between
its front edge and the coil layer, the flat portion defining a flat portion region; and

the flare point being located within said flat portion region.

12. A write head as claimed in claim 11 wherein said front edges provide

boundaries for said flat portion.
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13. A write head as claimed in claim 12 including:

each front edge being a straight edge; and

the non-linear edge being composed of a plurality of straight edges which are .
non-parallel to the ABS.

14. A combined head including the inductive write head of claim 13, the
combined head including: "
a magnetoresistive (MR) stripe and first and second gap layers;
the MR stripe 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

! i

shield layers.

15. A magnetic disk drive including the combined head as claimed in claim

14, the drive comprising:
- a frame;

a magnetic disk rotatably supported in the frame;

a support mountéd on the frame for supporting the combined head in a
transducing relatiohship with the magnetic disk;

" means for rotating the magnetic disk;

positioning means connected to the support for moving the combined head to
multiple positions wifh respect to said magnetic disk; and

means connected to the combined head, to the means for rotating the magnetic

~ disk, and to the positioning means for exchanging signals with the combined head, for

controlling movement of the magnetic disk and for controlling the position of the

combined head.
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16. A write head as claimed in claim 13 wherein a first plurality of the
straight edges is perpendicular to the ABS and a second plurality of the straight edges
is at an acute or obtuse angle to the ABS.

17. A wrrite head as claimed in claim 16 wherein the first and second
plurality of straight edges alternate with respect to one another.

18. A write head as claimed in claim 13 including:
said another one of the insulation layers having first and second parallel edges

which are paralie] to the ABS; and

_ the non-linear edge being locafed between the first and second parallel edges

and cohtiguous therewith.

19. A write head as claimed in claim 18 including:
" a coil layer embedded in the insulation stack; and
the non-linear edge being located between the coil layer and a line defined by
the first and second parallel edges.

020. A write head as claimed in claim 19 including:
a first pole piece; .

said one insulation layer being a first insulation layer formed on the first pole

“the coil layer being formed on the first insulation layer; and
said another insulation layer being a second insulation layer formed on said

coil layer.

21. A combined head including the inductive write head of claim 20, the

combined head including:

REPLACEVENT SHEET -
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a magnetoresistive (MR) stripe and first and second gap layers;

the MR stripe 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.

22. A magnetic d1sk drive including the combined head as claimed in claim
21, the drive comprising: ' -

a frame; _

a magnetic disk rotatably supported in the frame;

a support mounted on the frame for supporti:ng the combined head in a

‘ transducing relationship with the magnetic disk; ; .

means for rotating the magnetic disk;

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

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

combined head.

23. A write head as claimed in claim 19 including:

a first pole piece;

said another insulation layer being a first insulation layer formed on said first
- pole piece;

the coil layer being formed on the first insulation layer; and

said one insulation layer being a second insulation layer formed on the coil

layer.
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24. A combined head including the inductive write head of claim 23, the
combined head including: | |

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

the MR stripe 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. |

' 25. A magnetic disk drive including the combined head as claimed in claim
24, the drive comprising:
a frame;
i a magnetic disk rotatably supported in the frame;.
| a support mounted on the frame for supporting the combined head in a
transducing relationship with the magnetic disk;
means for rotating the magnetic disk;
positioning means connected to the support for moving the combined head to
multiple positions with respect to said magnetic disk; and -
means connected to the combined head, to the means for rotating the magnetic
disk, and to the positioning means for exchanging signals with the combined head, for
c'ontrolling movement of the magnetic disk and for controlling the position of the

combined head.

26. A method of making a thin film inductive write head which has a pole

" tip region between an air bearing surface (ABS) and a flare point, a yoke region
between the flare point and a back gap and a zero throat height (ZTH) between the
ABS and the flare point, the head having @ second pole piece which has a yoke in the
pole tip region and a second pole tip in the pole tip region which is fabricated by

directing light through a mask into a photoresist layer to expose the photoresist layer
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with a pattern of the yoke and a pattern of the second pole tip, said light being
reflected by front sloping surfaées of insulation layers in the head, the method
comprising the steps of:

forming a first pole piece; |

forming a plurality of said insulation layers on the first pole piecé, each
insulation layer having at least one front sloping surface, each front sloping surface
terminating at a respective front edge; ' '

forming one of the insulation layers (ZTH defining insulation layer) with an
" edge which defines the ZTH; and

' forming another one of the insulation layers with a plurality of said sloping

surfaces, the sloping surfaces being oriented so that the light reflected from the
sloping surfac;es' of said another one of the insulation layers is directed into areas of

the photoresist layer remote from the patterh of the second pole tip.

27. A method as claimed in claim 26 including:

the front edge of each sloping surface of said another one of the insulation
layers being a straight edge; and |

the straight edges of the sloping surfaces of said another one of the insulation

layers collectively forming a non-linear edge.

28. A method as claimed in claim 27 wherein the non-linear edge is

. '.composed of a plurality of straight edges which are non-parallel to the ABS.

29. A method as claimed in claim 26 including:
the ZTH defining insulation layer being a first insulation layer; and
said another one of the insulation layers being a second insulation layer on top

of said first insulation layer.



_24-_l ¥

| ayers;

gap | ayers;
second gap | ¢
| ayers.

DI pdi ng sandwi ched between the first and second

;gsdbzt“'wi'eﬁ iﬁze;?rs?“;:ndl L

27-

30. A method as claimed in claim 26 including: |
said another one of the insulation layers being a first insulation layer; and
the ZTH defining insulation layer being a second insulation layer on top of

said first insulation layer.

31. A method as claimed in claim 27 including:
said another one of the insulation layers having first and second parallel edges
WhICh are parallel to the ABS; and

the non-linear edge being located between the first and second parallel edges

.and contiguous therewith.

32. A method as claimed in claim 31 iné¢luding:
a coil layer embedded in said insulation layers; and
the non-linear edge being located between the coil layer and a line defined by

the first and second parallel edges.
33. A method as claimed in claim 27 wherein a first plurality of the straight
edges is perpendicular to the ABS and a second plurality of the straight edges is at an

acute or obtuse angle to the ABS.

34. A method as claimed in claim 33 wherein the first and second plurality

of straight edges alternate with respect to one another.

35, A method as claimed in claim 27 wherein all of the straight edges are

non-perpendicular and non-paralle] to the ABS.
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36. A method as claimed in claim 27 including: _

the ZTH defining layer having a flat portion which is located between its froht
edge and a coil layer, the flat portion defining a flat portion region; and

the flare point being located within said flat portion region.

37. A method as claimed in claim 36 wherein said straxght edges prov1de
at least a partial boundary for said flat portion.

38. A method as claimed in claim 37 wherein the non-linear edge is
composed of a plurality of straight edges which are non-parallel to the ABS.

39. A method as claimed in claim 38 wherein a first plurality of the straight
edges is perpendicular to the ABS and a second plurality of the straight edges is at an
acute or obtuse angle to the ABS. '

40. A method as claimed in claim 39 wherein the first and second plurality

of straight edges alternate with respect to one another.

41. A method as claimed in claim 37 including:

said another 6ne of the insulation layers having first and second parallel edges
__ which are paralle] to the ABS; and

the non-linear edge being located between the first and second parallel edges

and contiguous therewith.

42. A method as claimed in claim 41 including:
a coil layer embedded in said insulation layers; and
the non-linear edge being located between the coil layer and a line defined by

the first and second parallel edges.
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43. A method as claimed in claim 42 including: _
the ZTH defining insulation layer being a first insulation layer; and

said another one of the insulation layers being a second insulation layer which
is on top of the first insulation layer.

44, A method as claimed in claim 42 including:
said another one of the insulation layers being a first insulation-layer; and

said ZTH defining insulation layer bemg a second insulation layer formed on
said first insulation layer.
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INDUCTIVE WRITE HEAD WITH INSULATION STACK CONFIGURED FOR
ELIMINATING REFLECTIVE NOTCHING

ABSTRACT

The present invention employs a ZTH defining insulation layer (154) with a
relatively long flat region along with a scheme for eliminating reflective notching from
the next insulation layer (156) on top of the ZTH defining insulation layer. This has
been accomplished by providing the next insulation layer (156) with a plurality of
sloping surfaces (180, 182, 184 and 186) which are oriented so that light reflected by the
sloping surfaces (180, 182, 184 and 186) is directed to areas remote from a pattern of a
second pole tip (168) in a photoresist layer which is employed for fabricating the second
pole tip (168). The sloping surfaces terminate at a non-linear front edge which may
include a plurality of straight edges (190, 192, 194, 200 and 202) extending in
predetermined ' directions. The directions of these istraight edges will define the
orientations of the sloping surfaces. On one embodimént the straight edges may all be
non-parallel and non-perpendicular to the ABS.
Fig. 11 :
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di sk, an e I hg nmeans for exchanging signals with the conbined
‘head, fo o] ' nmojepent of the magnetic disk and for controlling the
positionfo ?%gﬁg%%§$Zed hiead. 26. A nmet hod of nmaking a thin
filminduckiee—acite head ich has a pole tip region between an air
‘bearing surface (ABS) and |a flare point, a yoke region between the flare

poi nt and a packgap—atd zero throat height (ZTH) between the ABS and the
flare point, the head having a second pole thce whi ch has a yoke i he-
pole tip region and a second pole tip in the pole tip region whi S
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i QHALOY: Lty forming a first pole piece; form ng
‘a pluralityjoffsard insulatgog | ayers on the first pole piece, each

sl opi ng sur fiac i a respective front edge; form ng one
lof the insuljatter=tayerswFZTH{def i ning insulation layer) with an edge which
defines the|ZTH, and a

with a plurafTty of sald sloping surfaces, the sloping surfaces being
oriented so that the light reflected fromthe sloping surfaces of said
another one of the insulation layers is gifected into areas of the
photoresi st |ayer remote fromthe pattern of the second pole tip.

27. A nmethod as clainmed in claim 26 incl'udi ng:
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I nsul ation.E hi ght edge; and t he strai ght edges of
‘the sl opinglis rf : i @ ®not her one of the insulation | ayers

col l ectivel | hear edge. 28. A nmet hod as cl ai med
in claim27fjwherein the non- | j{near edge is conposed of a plurality of

strai ght edSes=whic s—-non-parallel to the ABS. 29. A net hod
as claimed in claim 26 i ncl udi ng: sptxe ZTH defining insulation |ayer
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30. A net ho
thé insulatio
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pi m 26 i ncluding: = sai d anot her one of
rst insulation |ayer; and the ZTH -

“defining insulajidn layer eijhgl a second insulation |layer on top of said

first insulat|o :
I ncl udi ng: sai d anot her

31. A method as clainmed in claim?27
pne of the insulation |ayers having first

and second pararrter eages wirchn are parallel to the ABS;, and t he
non-1inear edge being | ocated between the first and second parallel edges

and contiguous therewth.
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32.. _ e 6 o |n131 i ncludi ng: a coil. layer
enbedded i n sdi Siﬂﬂﬁélon I irs; and the non-|linear edge being
| ocat ed bet wegn Jit hi ei gnd a |ine defined by the first and second
paral | el edgeg. : met hod as clainmed in claim?27 wherein a
first pluralify of the stralg tfedges I's perpendicular to the ABS and a

second pl ural edges is at an acute or obtuse angle to

the ABS. 34. A nmethod as clainmed in claim33 wherein the first
and second plurality of straight edges alternate with respect to one
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27 wherein all of the straight edges ar
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- 28- 36— A et hod as clainmed in claim27 including:

2 ' W ®@udipglt portion which is |ocated between its front
Iportlon defining a flat portion region;
kthin said flat portion region.

ZTH-def i hi ng. 1}&Y
edge and a coifl
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38. A nmethod as clainmed in claim37 wherein the non-linear edge is
conposed of a Q158730 g g g =pgloght edges which are non-parallel to the
ABS. - - LR faimed in claim38 wherein a first
plurality of thg B per pendi cul ar to the ABS and a second
plurality of the st ifQ N at an acute or obtuse angle to the ABS
40. A net hod *as clarnmed in cl 39 wherein the first and second
plurality of stif argH res~—altllerinate with respect to one anot her.
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sai d anot her onefBtherd lation layers having first and second paralle
edges which are 5e»¢: :; ¥ ;y;&; and the non-|inear edge being
| ocat ed between g hy e=sHtgnd paral | el edges and conti guous
therewi th. N fog as clainmed in claim4l including:

a coil layer enifeq | gsyl ation | ayers; and t he non-1|i near

and second para»LeI edges
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. . __43. A nmethod as clained in claim42 including: t he
.ZTH def i ni ng Digs mml yesqibeing a first insulation |ayer; and
sai d anot herf Ga&. ' o ation | ayers heing a second insulation | ayer
whi ch
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I nsul ation | ayer.

t jon | ayer; and

44. A net hod as cl ai ned

sai d anot her one of the insulation |ayers

said ZTH defining insul ation

gnsul ation |l ayer fornmed on said first insulation
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