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THIN FILM MERGED MR HEAD WITH ALIGNED POLE TI?S

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a thin film merged magnetoresistive (MR) head which

has aligned pole tips and to a method of manufacturing the head.

2. Description of the Related Art

l- In a magnetic disk drive, data is written and read by thin film magnetic transducers
called "heads" which are supported over a surface of the di_sk.whilé it is rdtated ata hi.gh |
speed. The heads are supported Sy a thin cushion of air (an "air beaﬁng") produced by the
disk’s high rotational speed. |

. Thin film magnetic write heads afe desir:;ble because they provide high areal density
and thin film magnetic read heads are desirable because of their high resolution. Thin film
magnetic heads are also easy to manuracture.  With various thin film manufacturing
techniques. the heads can be fabricated in batches on a ceramic substrate, and then diced into
individual heads. |

A thin film write head includes cotom and top péle piéces Pl and P2. respectiveiy,

that are formed from thin films ("iayers ) oI magnetic material. The pole pieces have a pole

tip height dimension commonly called "throat helght" In a finished write head, throat height

is measured between an air bearing surface ("ABS"), formed by polishing the tips of the pdle
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pieces, and a zero throat height level ("zero throat leVel';), where the bottom pole piece Pl
and the top pole i)iece P2 converge .at the magnetic recording gap. A thin film magnetic
write head also inclﬁdes a pblé tip region, which is located between the ABS and the zero
throat level, and a back area. which extends back from the zero throat level to and including
a back gap. Each pole piece has a pole tip portiqn in the pole tip region and a back portion
in the back region. The pole pieces are connected together at the back gap.

-~ The pole tips are extensions of the bottom and top pole piecés P1 and P2 of the write
head. Each of the pole pieces P1 and P2 transitions to a pole tip in the pole tip region. The _
pole tips are separated by a gap (G), which is a thin layerlof insulation material. The pole
tip of the top pole piece P2 is thé last elément to induce flux into a magnetic medium:
therefore. its width is more important than the width of the pble tip on the bottom pole pit;ce
P1. However, as will k;: explained in détail hereinarter, it is important for the pole tips to
have the same width so as to minimize flux leakége therebetween.

In order to increase the amount of data stofed per unit of disk surface area (“areal
density"), a write _head must write more data in narrower tracks on the disk sﬁrface.
Accordingly, areai density can be improved by decreasing the gap length between the pole
tips. By decreasing the gap length. the bit density within a track is improved. The shortness
of the gap lénglh is limited_by the decreasing flux intensity between the pole tips. Areal

density can also be improved by increasing the number of data tracks which a write head can

record on a disk; the related parametric expression is "tracks per inch" or "TPI". The TPI

capability of a write head is increased by decreasing the head dimension which determines

the width of a data track; typically this dimension is called the head "track width".

2.
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An MR read head employs a magnetoresistive t MR) element which changes resistance
in response to magnetic flux density from a rotating magnetic disk. A sensing current, which
is passed through the magnetoresistive element. varies proportionately to the change in

resistance of the magnetoresistive element. The response of the magnetoresistive element is

- based on how weil the resistance change of the magnetoresistive element follows the change

in flux density sensed from the magnetic medium.l In a disk drive, a differential preamplifier
is c;dnnected to the magnetoresistive element for processing readback signals from the read
head. The magnetoresistive element is a thin film layer which is sandwiched between bottom
and top gap (insulation) layers G1 and G2 which. in murn, are sandwiched between bottom
and top shieid lavers S1 and S2. The distance between the shield layers is called the read
gap The smaller the read gap the greater the resoiution of the MR read head o

A recent advance in technoloey has prov1ded a merged MR head. A merged MR head
employs an MR read head and a write head in combination. This is accomplished by using
the top shield S2 of the MR head as the boﬁom pole P1 of the write head. A merged MR
head has a high capability for either reading or writing. The merged MR head saves
processing steps over constructing separate read and ‘-.xrite. heads because the second shield
layer S2 of the MR read head also serves as the borom pole P1 for the write head thereby
eliminating a fabrication step. Another aci\'antage of the merged MR head is that the elements
of the read.and write heads can be easily aligned on a single suspension éystem for reading
i_trﬁnediately after writing.

H.ow.'ever. present mergéd MR head structures generate signiﬁcantly large side-fringing

fields during recording. These fields are caused by flux leakage from the top pole P2 to the
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parts of the bottom pole P1 bevond the region defined by P2. The side-fringing fields limit
the minimum track width achievable and therefore iimit the upper reach of track density.
Consequently, when a track written by the recording element of a merged MR head is read '

by the MR element. the "offtrack” performance of the MR element is poor. That is. when

~ the MR element is moved laterally from the center of a track being read, it cannot fr_10ve tar

before interference from the ﬁelds of the adjacent track begiﬁs to interfere with the fields of
the track béing read.

In an inductive head. the sidewalls of the bottom and top pole tips PT1 and PT2 are
substantially vertically aligned and constrained to substantially equal widths by ion beam
milling through the top and bottom pole pieces. . However, because of shadowing caused by
the top pole tip PT2 during this process; there is somé. outward taper to the bottom pole ‘tip'
PT1. While the asyrﬁmetr_v of this taper results in soﬁ:e undesirable effects. the sidewails of
the'ﬁole tips are generally vertically aligned to prevent side-fringing beyond the edges or the
gap between the pole tips. | |

The present methods for fabfi(:ating a merged MR head deposit a gap layer on top of
the second shield layer S2 and then deposit the top poie tip PTZ on top of the gap layer. The
pole tip PT2 can be defined either by photoresist frame plating or ion beam milling. The
width of the pole tip PTZ is kept narrow. in the order of S pm. so as to limit the width of
written tracks. However, the second shield layer SZ or thg lMR read head is very wide. in the

order of 50 um, in order to shield the MR element in the read head. The disparity berween

- these widths results in a side-fringe flux field between the pole tip elements which extends

laterally be_ybnd the width of the top pole tip PT2. This is caused by the width of the second

-4
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shield S2. which provides a large lateral channel for the flux lines from the top pole tip
element PT2. It would be desirable for the second shield member S2, which comprises the
bottom pole tip element PTI, to have sidewalls which are aligned with the sidewalls of the

top pole tip element PT2. However. this is impossible since the second shield member S2

- has to be wide in order to protect the MR element. This then would appear to prevent

improvement in the off-track performance problem of the merged MR head.
One solution to the side-fringing problem of the merged MR head is to construct a

narrow pole tip portion PT1b on top of the second shield layer S2, the S2 layer then serving

as a wider, bottom pole tip element PT1a. Both of these pole tips are the pole tip portion of

the bottom pole P1, with the pole tip layer PT,lb- forming a pedestal on the pole tip element
PTla. The gap layer is then formed on top of the pole.tip layer PT1b and the pole'.tip |
element PT2 of the top pole piece P2 is formed on top of the gap layer. This pole tip
arrangement can be cohstructed either of two waj/s': (1) frame plating each of the pole tips
PT1b and PT2 using pho_toresist.maskin'g techniques or (2) masking the yoke area of the top
pc;le P2 and ion beam' milling through both of the pole tips PT2 and PT1b as well as the gap
layer thérebetween. In the frame plating process. it is extremellyldifﬁcult to -align the
sidewalls of the pole tips PT2 and PT1b. This is because each of the pole tips is plated in

a separate process. resulting in misalignment of the photoresist masks. In ion beam milling,

redeposition of milling debris builds up on PT2 during the process, causing a shadowmg of

the pole tip layer PTlb therebelow. This shadowing, which is also encountered in

constructing the inductive head discussed hereinabove, results in an outward taper

configuration of the lower pole tip PT1b. Shadowing laterally extends the lower pole tip, and
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provides a magnetic path for side-fringing fields. Attempts have been made to0 remove the

debﬁs and to vertically align the sidewalls of these pole tips by directing the ion beam at an

angle to the sidewalls rather than siraight down. This will cut away some of the debris:

however. the accumulated debris is too thick to allow obtaining vertical sidewalls by this

process.

SUMMARY OF THE INVENTION
The side-fringing problem of the prior art mergéd MR head has been solved by the
discovery of two unique steps in the process 6f manufacturing the merged MR head. The
first discovery is that the length of the pole tip PT1b (pedestal portion wiﬁ respect to the
S2/PT1a pole tip) can be made shoner than previously thought.. The inventors have _obsen;ed_
that a pedestal pole tip PT1b \mh a length of 0.5 to 2.5 times the length g of the gap G will
significantly reduce sidé_-fringigg fields provided- the sidewalls of the pole tip PT1b are
vertically aligned with the sidewalls of the pole ti'p elemenf PT2. Vertical alignment has been
accomplished by a second discovery involving two steps. The first step is to fré.rne plate the
pole tip PT2 on top of the gap layer with a desired width. The thickness of the layer may
be thicker than the desired final thickness since this thickness will be reduced by the next
process step. For instance. if a final thickness of 5 um is desired. an additional 2 um may
be édded. giving é total thickness of 7 ..m. With a photoresist frame plating procesé, a pole
tip PT2 with a 7 um thickness can bcl constructed with vertical sidewalls. The next step is

to direct an ion beam at the magnetic iayer below the pole tip PT2 at an angle to the

sidewalls of the pole tip PTZ using the pole tip PT2 as a mask to notch the magnetic layer
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- tip PT2. the ion beam cuts and concurrently cleans up redeposition. It has been found that

therebeiow on each side of the sidewalls to form the pedestal pole tip _Ple. With a proper

angle or angles, the surprising result is that the sidewalls of the pedestal pole tip PT1b will
be vertically aligned'@'ith the sidewalls of the poie tip PT2. Since the length of the pedestal
pole tip PT1b can be quite small. to adequately reduce flux leakage the. pedestal pole tip
element PT1b can be milled direcﬂy into the second shield layer S2. This eliminateé
depositin.g a la{yer’ on top of the second shield layer S2 in order to form a pedestal thereon.
A typical gaﬁ length is 0.3 um. which results in a lengm of the pedestal pole tip ele:ﬁent
PT1b of approximately O..6 pm. The notching of the second shield layer S by the ion beam
milling to obtain the pedestal pole tip element PT1b will not affect its cag.)ability to shield the
magnetoresistive element. By directing the ion beam atan angle to the sidewalls of the pole
an angie of 55° produces satistactory results. However, an even better milling process
empioys two ion beams eithér sequentially or simuit,ahepusly. It has been found that a first
beam directed at 30‘; performs a cuﬁing and partial clean up of the redepqsition. and a second
beam of 75° cleans up any remaining redeposition to provide vertically aiigned sidewalls |
between the pole tips PT2 and PT1b. .—\lternétivel_v. a magnetic layer can pe laid on top of
the second shield layer S2 and notched by the stéps described for the second discovery.
However, thls requires an additional processlstep which is not necessary unless a different
ﬁateﬁd is desired. Altemativelfr, the gap layer can either be milled by the ion beam orl
deﬁned by chemical etching befére defining the pedesté.l pole tip PT1b therebelow.
Signiflc-antly, track widths less than 2 pm can be achieved with the two discbveries. In

contrast. the track width of the inductive head has not been less than 3 pm.
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-An object of the presenf .invemion 1s to prox'i&e a thm tilm magnetic head w;hich has
Qen_ica.ll_v aligned po.le tips so as 10 minimize sidewriting.

Another object.is to provide a thin ﬁlni merged MR head .which has improved off-
track performance.

A fLu'Eher object is to provide a 'mér,ged MR head with a s.econd. shield layer S2 that
serves both as a ghield for the magnetoresistive element therein and as a poie tip for the write
head thereof with good off-track performance.

Yet another object is to p1fovide. a merged MR head in which the second shield layer
S2 has a pedestal of a small height, the pedestal serving as a pole tip element PT1b and the
S2 layer therebelow serving as a pole tip element PT1a for the lower pole P! of a write head.
and in which the sidewalls of the pole tip element PT1b a-re. Qénically aligned with sidewz;lls
of a pdle tip PT2. |

Other objects and advantages will become apparent when considered in light of the

~ following description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of a disk drive. not fo scale. which erﬁplo_vs a thin
film merged MR head of the present inventio-n.
Fig. 2 is a schematic illustration of the critical portion of the pole tip of a thin film
write head positioned above a track on a magnetic disk.
Fi‘g.'3 is an isometric illustration of a thin film merge& MR head with the lavers of

the write head being mounted on top or the lavers of an MR read head.

_ 3.
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Fig. 4 is a top planar schematic illustration of the write head of Fig. 3.

Fig. 5 is a side view of oﬁé embodimént of the- present thin film mérged MR head.

Fig. 6 is an ABS view taken along plane VI-VI of Fig. 5.

Fig. 7 is a side illustration of andther.'e.rnbodimen; of the present thin film nierged MR
head.

Fi

uQ

. 8 is an ABS view of the head shown in Fig. 7 taken along plane VIII—V’IH.

Figs. 9 through 12 are graph_é illustrating éidewriting by a merged MR head made |
according to the invention. |

Fig. 13'is an ABS view of a prior art inductive head.

Fig. 14 is an ABS view of a prior art thin film fnerged MR héad.

Fig. 15 is a side viewl of the prior art thin ﬁ'lml mergcd:MR head shown in Fig. 1.4. -

Fig. 16 is a schematic illusiration of an exemplary ioﬁ beam cha.-r'nber.

Fig. 17 is an ABS view of the commencement of ion milling at an angle to the
sidewalls of the p§lé tip PT2.

Fig. 18 is the same as F ig_. 17 except it is at the end of the ion milling step,_which has
notched the P1/S2 layer to form a pedestal pole tip PT1b. |

Fig. 19 is the same as Fig. 18 _exceﬁt the ion milling i; at an inéréased angle to the
sidewalls of the pole tip PT2 to clea;;_up any redeposifion of debris during the cuming
operation in Figs. 17 and 18. |

Fig. 20 is similar to Fig. 17 except the ion béam for cutting and_ the ion beam for

clean up are directed simultaneously rather than sequentially, as shown in the Figs. 17-19
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Fig. 21 is the same as Fig. 20 except the notching has been compieted to form the
pedestal pole tip PT1b. | |

Fig. 22 is similar to.F ig. 17 except a single ion beam of a greater angie is utillized tor
both curtting and clean up.

Fig. 23 islsimilar to Fig. 22 except the curting and clean up operation has been
completed to form the pedestal pole tip PT1b.

Fig. 24 is a schematic top planar illustration or the step for forming the péle tp PT2
with vertical sidewalls. |

Fig. 25 is an ABS view through the structure in Fig. 24 with the p};otoresist frame
removed.

Fig. 26 is a top planar view with the top poie piecé P2 masked leaving the' pole ‘[ip
PT2 exposed.

F 1g 27 iS an ABS view of the structure illustrated in F ig. 26 showing a resist window
or opening about the pole tip PT2 so that one or more ion beams can be directed at an angle
therein.

—

Fig. 28 is the resulting pole tip structure after ion beam milling at an angle to the
sidewalils of the pole tip PT2 thus forming the pedestal pole tip PT1b.
Figs. 29 through 33 are similar to Figs. 24 through 28. respectively.

Fig. 34 is similar to Fig. 33. except additionai layers PT1c and PT2b are deposited to

obtain different materials than the remainder of the role tips further away from the gap G.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings \?herein like reference numerais designate like or
similar parts throughout the similar views. there is iilustrated in F1g 1 a magnetic disk drive
40 which includes a rotating magnetic disk 42. The disk 42 is rotated by a motor 44 which
is rés_ponsive to control siggals from a drive control source (not shown). When the disk 42
is rotated, a thin film merged MR head 46. moﬁnted on a slider 48, is supported above a
surface of the_magnetic disk 42 by a thin layer of air cal}éd an "air bearing”. The merged
head 46 includes an MR read head 50 and 2 write head 52. The bottom surtaces of the slider
48 and the merged head 46 are in the plane of an air bearing surface (ABS) 34 of the slider.
The ABS 54 is spaced from the surface of the mﬁgnetic diék 42 by a distance d which is the
ﬂyi;lg height of the merged MR head 46 iﬂ'hen the magnetic disk is rotating. The siider.48
is connected to a head suspens.ion- assembly 36 wﬁich includes means for conducting
read/write signais between drive electronics 38 and the head. The above components of the
drive are mounted within a drive housing 39.

Pole tip elements of the .\wite head 352 are schematicaily illustrated at 60 in Fig. 2 in
an operating relationship with a track 62 of a rotating magnetic disk. Flux reversals
representing information recorded on the track by the write head are schematically illustrated
at 64. The number of these flux reversais ter inch length of the track is a meaéu.ré of the
linear or bit density of the read head. "“hen the length of the write head gap is reduced. the
bit density is 1ncreased. Another imporiant measure is the TPI of the write head 60. The

narrower the width of the write head’s poie tip elements, the greater thé TPI. The product

of the bit density and TPI provides the areai density of the write head. This'is a measure of
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how much information can be written per unit area b_f the magnetic disk.

Fig. 3 illustrates a portion of a mérge_d MR head 46 showing the MR read head 50 and
the write head 5?—..1 The merged MR head 46 is mounted on the slider 48.

As shown in F ig. 3. the read head 50 includes a magrietoresistive element MR which
is sandwiched between first and second gap lavers GI_ and G2, the gap lavers in turn being
sar;dwiched between first and second shield layers S1 and S2. In a merged MR head the
second shield layer S2 of the read head 50 also serves as the. bottom pole piece P1 for the
write head 52 as will be explained in more detail ﬁereinafter.

As shown in F ig. 5, the write head 52 has a pole tip region wh.icﬁ is located berween

the air bearing surface (ABS) and a zero throat level and a yoke or back region which extends

~ back from the zero throat level to and including a back gap.” The write head 52 includes a .

_bpttom pole piece Pl and a top pole piece P2. TEe bottom pole piece Pl comprises the
second shield layer S2 of the read head 30. | Each poie piece P1 and P2 also has a back layer
portion which is locéted in the back re.g_ion. the back layer portions of the pole pieces being
magnetically connected at the back .gap (BG). The tortom pole piece P1 inciudes a pole tip
structure which is located in the pole tip region berween the ABS and the zero throat level.
This pole tip structure inclqdes a bottom pole tip eiement PT1a and a top pole tip element
PT1b. The fop pole piece P2 includes a pole tip structure which is located in the pole tip
region between the ABS and the zero throét level. lThis pole_tip structure includes a top pole .
tip element PT2. The pole_tif) elements PT1a and Ple_are integrally formed from sec.ond
shield S2 of the read head 50 which will be explained in more detail hereinatter. A pole gap
layer (G) is sandwiched berwe_en the pole tip elements PTIB and PT2. A desired thickness

-12-
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(gap length) of this.layer is abotit 0.3 um which wiil optimize the linear density of the \\ﬁte
head without sacriﬁcing its rlux intensity. However. acceptable gap lengths range from b.l
pm to 0.7 ym. .The gap laver G may extend to the back gap BG or aiternatively may
terminate at the zero throat level.

A first insulation layer I, is deposited on fop of the gap layer G by any suitable
method such as photo_lithogra_phy. On tdp of the first insulatiori layer I, there is deposited a
coiled conductor layer 70 by any suitable method such as photoresist frame plating. On top |
of the coiled conductor laver 70 there_ are deposited second and third insulation layers I. and
I; by any suitable means. such as photolithography.

The merged MR head 32 is referred to as "merged" because the bottom pole piece P1
and its pole tip comprise the second shield layer S2 of the MR read head. as shown in F i‘gs.
5 .and 6. One feature of a merged Head is that a process step in depositing an extra magnetic

layer is eliminated. However. the large width of the second shield layer S2 beyond the sides

- of the gap G, as illustrated in Fig. 6. causes flux to extend toward the second shield layer S2

beyond the width of the pole tip element PT2. This “side-fringing” flux causes sidewriting,
which can degrade off-track performance. This problem has been overcome by notching the
second shield layer S2 at 78 and 79 on each side of the gap G so as to provide the sécond .
shield -laver S2 with a pedestal \.v'nich torms a pole tip element PT1b. Below the pedestal
pole tip element PT1b is an area which can be referred to as a pole tip elefnent PTla. The
pole.tip elements PT1a and Ple_ are torward extensions of the bottom pole piece Pl which
comprises the second shield layér S2. The width of the secdﬁd shield layer S2 is sufficient

to effectively shield the MR element of the read head 30. This width can be in the ofd_er of
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50 pm. in comparison to a width of 2 um fqr the m’dth of the pole tip elements. It should
be noted that the notching 78 and 79 of the second shield layer S2 proQides the pedéstal pole
tip element PTib with first and second vertical si_dewails 80 and 82. Similarly, the gap laver
G has first and second verticai sidewalls 84 and 86. The pole tip element PT2 on top of the
gap layer G has first and second ver;ical sidewalls 88 and 90. The first sidewalls 80. 84, and
88 of the pole tiﬁ elements PT1b, the gap G, and the pole tip elements PT2. respectively, lie
c'ontiguously. in a first v'erticél plane 100 and the second vertical walls 82. 86. and 90 lie
contiguously in a second vertif:al plane 102. As shown in F 1g 6. the vertical planes 100 and
102 are equally spaced frbm'one another at the ABS to form the track width w of the write
head 52. The first and second vertical planes 100 and 102 are aiso perp_endicular to the ABS.
The first and second vertical planes 100 and 102 are preferably equaily spaced all the \'v‘vay '
from the ABS to the zero .t-hro_a't level. However, they could diverge from the ABS if desired.
The vertical alignments of the sidewalls of the pole tip eiéments in the first and second
vertical planes 100 and 102 are important iﬁ combination with the pedestal pole tip PT1b to
minimize sidewriting caused by the large lateral width of the second shield layef S2. The
importance of this pedestal polé tip PT1b is described in the next paragraph.

It has been discovered that the length of the pedestal pole tip element PT1b can be
much less than previously thougnt possible. The inventors have determined the optimum
notching depth of the second shield laver S2 to form a_pedestal pole tip elemént PT1b with
an optimum length. Figs. 9 through 12 show the fesults of that analysis. The following
apply to each of the Figs. 9 through 12: (1) in plane sidetrack write field of a bottom pole

piece (P1) notched write head is shown: (2) nqrmalized head field is plotted versus off-track
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position in um; (3). the _effect_iv_e fringe ﬁela was taken at 0.4 of the nofrnalized head
amplitude since most heads are designed around a maximum write field of 2.5 times the disk
media coercivity; (4) the offtrack position is measured from a sidewall of the gap G along
the gap’s la;eral centerline; (3) the gap length is 0.4 um; (6) the flying height of the head
above the rotating disk is 0.075 pm; (7) the dotted line entitled "maximum" is the sidetrack
write field with no notching and therefore no pedestal pole tip element PT1b so that the gap
layer G lies directly on the second shielld léye’r S2 (see Fig. 14); (8) the dotted line entitled
"miﬁimum" is the sidetrack v&ite field for a pedestal poie tip element PT1b of infinite length;
and (9) the continuous ling between the dashed "maximum" and "minix_nu;n" lines is the result

of the analysis. In Fig. 9 the length of the pedestal pole tip element Ple; shown in Fig. 3,

is three times the length of the gap, or 1.2 pm. It can be seen at 0.4 of the normalized he;ad

field that the sidetrack write field is ver& close to the minimum sidetrack write field of a
pedestal pole tip element PT1b of infinite length. InF ig. 10, the length of the pedestal pole
tip PT1b is -tWo times the length of the gap, or 0.8 um. The result at 0.4 normalized head
field is still very close to the minimum sidetrack write field of the pole tip element of infinite
length. In Fig. 11. the length of the pedestal pole tip PT1b is one times the length of the gap,
or 0.4 pm, which has a perfofrnance which is still closer to the infinite pole tip represented
by the "minimum"” dashed line than it is to .the absence of the pole tip represented by the
“maximum” dashed line. Fig. 11 illustrates that even with a 0.4 um notching of the second
shield laver S2. a pedestal pole tip PT1b of a length 0.4 um makes a considerable
irﬁprovemem in off-track perforfnance of the write head over a write head which has no
pédestal atall. In Fig. 12, the length of the pedestal poie tip Ple is 0.5 times the length of
-15-
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the gap, or 0.2 pm. Even with a 0.2 um length. the pedestal pole tip PT1b provides a 40%
improvement over having no peaestal at all at the 0.4 normahzed head field.

The aforemenuoned anaiysis demonstrates that the lenzth of the pedestal pole tip PT1b
can be very short a‘nd still accomplish significant improvement in off-track performance. An
acceptable range for this length is 0.5 w0 3.0 the gap length with two times the gap length

being the preferred or optimum length of the pedestal pole tip PT1b. It shouid be understood

‘that the length of the gap may be different than the 0.4 pm demonstrated. The length of the

gap can raﬁge all the way from 0.1 pm to 0.7 um for acceptable performance. The netching
or length of the pedestal pole tie PT1b would accordingly be 0.5 to 3.0 times the designed
gap length. Of considerable signiﬁeance is that the pedestal element PT1b can be fonned in
the second shield layer S2 ef the read head 50 without altering the performance of the la);er
S2 ih shielding the MR element. "-I'he second shield layer S2 is typically 7 to 8 um fhick and
a notching of approximately 1 pm will not affect its performance. However. if desired. the
second shield laver S2 can be deposited with ; greater thickness so as to allow for the
notching 78 and 79. The important thing is that the notching saves a step in depositing a
separate layer for the pedestal pole tip PT1b. However, it should be understood that a
separate layer could be deposited on top or the second shield layer SZ and then appropriately
notched to provide a pedestal poie tip eisment PT1b which is of a different material than the
second shield layer S2. This may be Jesired where the_pedestal pole tip PTlb is of a
different material than the second shicid laver S2. F or instance. the pedestal pole tip PT1b

can be constructed of a high moment or saturation material, such as ferric nitride. to handle

a large amount of flux whereas the second shield layer S2 may be constructed of a lower
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moment of saturation materiai. such as Permalloyv. The construction of the pedestal pdle p

PT1b of a different material than the second shieid layer S2 is discussed in more detail

hereinatter.

. While the short length of the pedestal pole tip PT1b is an important discovery, it is

~ also important that the sidewalls of the pole tip elements PT1b and PT2b be vertically aligned

with respect to one aﬁotﬁer at the ABS. as shown in F ig. 6. The method of construction to
achieve these vertical sidewalls is another discover_v which is described in detail hereinafter
under "Method of Making the Merged MR Head."

A comparison of the performance of the merged MR head 46 ;)f Figs. 5 and 6 can
now be compared with the prior art merged MR head of Figs. 14 and 15. In the prior art
merged MR head. the pole tip element PT2 is formed .0.1_1 top of the second shield layer' S2
witha gap G therebetweeh The second shield laver S2 serves as the Bonom pole piece P1
and, ar its forward extension, the pole tip element P'fl The only element separating the pole
tip element PT2 from the second sh1e1c1 layer S2 is the gap layer G. Because of the large
lateral width of the S2 layer in comparison to the width of the pole tip element PT2. a
substantial side-fringing field éxtends from the pole tip element PT2 beyvond its widgh to. the
éecon‘d shield layer S2. This resuits in substantial sidewriting and poor off-track performance.
Desirably, the flux would transit between the pole tip element PT2 and the second shield
layer S2, acting-as a pole tip element PT1. totally; within the plane formed by the sidewalls
of the pole tip element PT2. It is this desired performance that the merged MR head of Figs.

Sand 6 achieveé.
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Fig. 13 illustrates an-\.BS view of a prior art inductive head. The inductive head
inciudes pole tip elements PT1 and PT:2.which are sépaiated by agap G. The inductive head
employs the elements PT1, G and PT2 to perform both the read and wﬁte fuﬁctions. During
the write fﬁnction a coil. not shown, induces flux into the pole tip elements PT1 and PT2 to
perform the write operatibn. During the read operation the pole tip eiements PT1 and PT2
and their corresponding pole pieces induce ﬂuﬁc into the same coil for performipg the read
function. The off-track perfonnanc_e of this prior art inductive head is better than the off-
track performance of the prior art merged MR head illustrated in Figs. 14 and 15. This is
because the sidewalls of the pole tip elements PT! and PT2 are more nearly vertically
aligned. However, the prior art construction of the inductive head necessarily results in the
pole tips PT2 and PT1 widening toward the su.bstrat_e.. Bogh of the pole t_ips PT2 and P'E‘l,
in that order. are milléd by a dowm\./ardl_v directed ion beam during their construction. When
the ion beam is directed straight down. a substantial amount of redeposition 6f milled debris
accumulates on the sidewalls of the milled pole tip elements causing the top pole tip element
PT2 10 shadow the bottom pole tip element PT1 thereby giving it its outwardly tapered shape,
as shown in Fig. 13. The wider pole tip clement PT! in contrast to the pole tip element PT2
will cause some undesirable sideim‘iting. Further. the ion milling of both pole tips (8 um-
~ 10 pm) takes a long time.

Figs. 7 and 8 illustrate another embodiment of the present invention which is slightly
moditied from the emb'odirﬁent illustrated in Figs. 5 and 6. In the embodiment of Figs. 7 and

8 the top pole piece P2 is constructed of top and bottom magnetic layers 110 and 112 which

have forward extensions forming pole tip elements PT2a and PT2b, respectively. The pole

18-
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tip element PT2b has first and second vertical sidewalls 114 and 116 and the pole tip elem_ent
PT2a has first and secqnd vertical sidewails 118 and 120. As shown in Fig. 8, the first
sidewails 80. 84. 114, and 118 of the pedestal pole tip Ple.. the gap laver G, and the poie.
tip elements PT2b and PT2a. respectiv‘e.ly, lie in the first vertical plane 100. and the secénd
vertical sidewalls 82, 86, 116. and 120 of the pedestal pole tip PT1b, the gap layer G, and
the pole tip elerﬂents PT2b and PT2a. respectively, lie in the second vertical plane 102.
While the pole tip element PT2a is shown having it; sidewalls also vertically aligned with the

pole tip elements therebelow. this is not necessary if the pole tip element PT2b has a length

of approximately three times the Iehgth of the gap G. This is because the rlux transfer at a

distance beyond that length becomes somewhat insignificant. Accordingly, the pole tip
element PT2a can be provided with a lateral width at the.ABS which -is considerably wid'er
than the.wid.t.hs' of the pole tip élements PT1b and PT2b. The pole tip elements PT2a and.
PT2b can be constructed iﬁ ™wo separaté layers when it is desired that the pole tip element
PT2b be of a different material than the pble tip element PT2a. Fo; instance, the pole
element PT2b may be constructed of a high moment of saturation materiai. such as ferric
nitride. whereas the poie tip element PT2a may be constructgd of a lower moment of
saturation rﬁatgrial. such as Permalloy. With this arrangement. the pole tip eiement PT2b can
.can'y a large amount of flux without saturation. |

With the method of construction to _be' described hereinafter. the width of the pole tip
elements tor the present merged MR head 46 may be as r.1arro.w as 2 um. This is less than
the normal 4 to 5 pm for the width of the prior art inductive head illustrated in Fig. 5. The

width of the pole tip elements PT1b and PT2 in Figs. 5 and 6 or the width of the pole tip

| -19-
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elements PT1b and PT2b in Figs. 7 and 8 establishes the track width of the write head portion

of the merged MR head. From this the TPI can be determined, which is a factor in producing

thg areal density of the write head.

Figs.. 3 and 4 illustrate a more _compiete eh_ibodiment of the write head with portions
cut .away to illustrate various details thereof. Part of a cover laver 112 has been broken away,
the insulation layers I, and I, .have been removed. and not all of the coiled conductor layer
70 is shown in Fig. 3. The conductor 70 extends around the back gap BG between the top
and bottom polé pieces P2 and P1. One end of the coil conductor 70 is connected to a lead _
72 at 73 and the other end of the conductor (not shown) is connected to a lead 74. When a

signal' current is transmitted to the conductor 70 _vié the leads 72 and 74. the conductor 70

induces flux in the top and bo_t_tom pole pieces P2 and P1. This, in turn. induces flux back

" and forth across thé pole tips at the ABS.

Method of Making the Merged MR Head

The merged MR head of the present invention is constructed using a unique

combination of known thin film photolithograpny and ion beam milling steps.

. Photolithography includes depositing magnetic layers using a photoresist frame plating process

and depositing insulation layers by a photoresist and developing process. lon beam milling
is performed in a chamber. Exeinpl‘ar_v inner parts of such a chamber are iliﬁstrated in Fig.
16. The work piecé (not shown) is placed on a turntable 130 and is rotated at a constant rpm.
Dufing rotation, one or more ion Eea.ms 132 and 134 are directed at the work piece.

Preferably, these ion beams are afgon ions. The primary source ion beam 132 is shown

-20-
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directed vertically downward and the secondary source ion beam 134 is shown directed at an

angle to a vertical. As will be explained in more detail hereinafter, the ion beam milling of

- the present invention is accomplished by beams which are directed only at some angle from

a vertical. A shutter 136 is pivotally mounted for switching the ion beams 6n and off with
res‘pect to the work piece (not s;hoﬁvn) on. the turntable 130.

The construction of the MR read head.SO port_ibn of the merged MR head 46 is well
known in the art. The layers S1. G1. the MR element. G2, and 52 are deposited by thin film
photolithography process steps. As shown in Fig. 3, the second shield layer S2 of the read
head is deposited from the ABS to and including the back gap so that the S2 layer has a pole
tip portion between the ABS and the zero throat level and a back portion between the zero
throét level and the back gap. The.bottom pole piece Pl of the write head 52 comprises tl.ﬁs
second shiéld laver S2. This corﬁbinatiori deﬁnes'a merged MR head.

The second discovery of the present invention is twofold. First, the pole tip structure
of the top pole piece P2 is ﬁ_tilized as a mask fo? ion beam milling a pedestal into ihe-pole
tip structure of the bottom poie piece P1. Secondly. thé'ion beam is directed at an angle to
the sidewalls of the top pble tip structure either in a single angled beam §f a pair of angled
beams. The pair of angled beams is preferred and can be either directed sequentially or
simultaneously. Instrumental in ail emcodiments is depositing the top pole tip structure with
an additional thickness. This additionai ickness will be redﬁced by the ion beam milling
to form a pedestal in the bottom pole up structure.

Various embodiments of direcung the ion beam for constructing the Figs. 5 and 6

embodiment of the present invention are illustrated in Figs. 17 through 23. In this

221-
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embodiment the pole tip element PT2 is emploved as a mask for constructing the bottom poie
tip structure. The same methods would be employed for constructing the Figs. 7 and 8
embodiment of the presenit invention. In this embodiment the pole tip element PT2b alone

or the pole tip element PT2b and PT2a can be employed as a mask for forming the bottom

‘pole tip structure.

Figs. 17, .18, and 19 illustrate the use of two differently angled ion beams employed

sequentially to form the bottom pole tip structure. Fig. 17 shows the pole tip element PT2

constructed with an extra thickness in order to allow for the reduction of thickness during the

ion beam milling. The beginning thickness of the PT2 layer may be ih the order of 7 um
with the extra thiékness included in the order of 2 pm. The pole tip element PT2 is formed
with vertical sides 88 and 90. the process for forming the pole tip element PT2 to be
descriﬁed in detail hereinafter. In Fig. 17, an ion béam is shown directed at an angle of 30°
to the sidewall of the pole tip element PT2. While the ion beam is shown directed at only
the sidewall 90 of the pole tip_elé.ment PT2, it will be airected at both sideivalls 88 and 90
of the pole tip element PTZ due -to rotation of the work piece by tﬁe rurntable 130. as
described hereinabove. The g;p layer G is deposited on top of the P1/S2 laver and the pole
tip elemént PT2 is deposited on top of the gap layér G. As stated hereinabove, when an ion
beam is directly vertically downward.. a considerable amount of the material cut (debris) is
redeposited (redep) on the sidewalls of the rnilled elements. By angling the beam at 30° to
the sidewalls of the pole tip element PT2. as illustrated in Fig. 17. significant cutting takes
plaé_é:. however, the beam also performs a degree of clean up of the debris during the cutting

operation. The 30° angle is a preferred angle, however. it can range between 20° to 40° tor .
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the two-angle_ em_bodiment.. Fig. 17 shows the commencement of the cutting operation and
Fig. 18 shows the final result of the curting operation. During this cutting operation, the pole
tip element PT2 acts as a mask for cutting the pedestal pole tip element PT1b in the second
shield layer S2. The 30° ion beam is folléwed by a 75° ion beam, as iliustrated in Fig. 19.
to élean up the redep which is stiil left from the 30° operation. The 75° ion beam for clean

up of the redep is preferred, however, this can range from 63° to 85° to the sidewalls of the

~ pole tip element PT2. It should be noted that duﬁng the cutting operation the thickness of

the pole tiﬁ element PT2 has been reduced by the additional thickness added (see Fig. 17), N
such as 2 um. The surprisihg result is that after this milling, the sidewalls of the pedestal
pole tip PT1b are aligned ﬁth the sidewalls 6f the pole tip element PT2. The pedestal pole '
tip PT1b has been formed by notching at 78 and 79 into the secpnd shield layer S2. The .gap
layer G can either be ion milled by'tl;e 30° and 75° beams or alternatively can be chemically
etched to its width prior to the ion beam milling.

Figs. 20 and 21 show an embodiment of the ion beam milling which is similar to the
Figs. 17 18, and 19 embodiment 'except the 30° and 75° beams are directed simultaneousiy
to perform the cutting and clean up Oper;‘linns.

Figs. 22 and 23 illustrate an embodiment of the.ion beam milling where a single ion
beam s utilized for both cutting and clean Llp to define the pole tip pedestal PT1b. The
prgviously described two-anglé beam dpproach is preferred over fhe single beam. However.
satisfactory results can be obtained with the single beam. The preferred angle for a single

beam is 55°, however, it can vary from 435° to 65° as an acceptable range.
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Figs. 24 through 28 illustrate additional details in constructing the pole tip elements

for the Figs. 5 and 6 embodiment of the present invention. In Fig. 24, a photoresist frame

is utilized for plating the top pole piece P2 and its péle tip portion PT2. The plating
op_erajtion also plates outside the frame. whiéh is called the P2 ﬁeldT In Fig. 25 the
photoresist frame has been removed, leaving the_ pole tip PT2 with a P2 field on each side
thereof. In Fig. 25 it can be seen that the gap layer G was deposited on top of the P1/S2
layer and the pole tip element PT2 was deposited on top of the gap layer G. With the frame
plating process the pole tip element PT2 will be inherently constructed with vertically oriented
sidewalls 88 and 90. In F ig; 26 the P2 field has been removed and a photoresist mask has
been placed on top of the P2 pole piece with an opening or window 140 exposing the pole
tip elemem PT2. The resist window islillustrated more clearly in Fig. 27. One or more {qn )
bééms. as discussed hereinabove. are then directed through-the resist window. as illus.trated.
in Fig. 28, to notch the P1/S2 layer to provide the pedestal pole tip element PT1b. |

Figs. 29 through 33 illustrate proceés steps for making the pole tip structure of the
Figs. 7 and 8 embodiment of the present invention. These steps are the same as that
explained for Figs. 24 through 28 except the top pole piece-P2 is constfﬁcted with two lavers
so as to provide two pole tip eiements PT?.a aﬁd PT2b. as illustrated in Fig. 50. After ion
beafn milling, as illustrated in Fig. 33, a pedestal poie tip élement PT1b is formed and the
top pole tip structure coniprises pole tip elements PT2a and PT2b. As .sta_ted hereinabove.

the poie tip element PT2b can be of a different material than the pole tip element PT2a. Fig.

34 illustrates an additional embodiment 1f a magnetic layer is laid on top of the second shield

layer S2 prior to the ion beam milling. In this case, the bottom pole tip structure would
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comprise two. pedeétal .pole tip elements. namely poie tip element PTlslla and PTlc. Again.
the pole tip element PTlc can'be of a_differeni matenal than the pole tip element PT1b. The
pole tip elements PTZB and PTle_ can be of a high mement of saturation material. (4 = m,,
such as ferric nitride, aﬁd the material for the pole tip eleﬁxems PT1b and PT?a can be a
lower moment of saturation material. such as Permailoy. The high saturation material will
allow a large amount of flux to flow through the pole tips eioseet to the gap layer G without
saturation.

It is now readily apparer;t that the method of making the merged MR head broadly
includes the following steps: dep’bsitin_g the second shield layer S2 of the read head from the
ABS to and including the back gap so that the SZ_layer has a pole tip portion between the
ABS and the zero throat level and a back pertion berween fﬁe zero. throat level and the back
gap (see Figs. 5 and 6); depositing the'gap' layerlG on top of the second shield layer S2 from
the ABS to the zero throat levei (see Figs. 5 and 6); depositing a magnetic layer on top of
the gap layer G and the second shield layer S2 to form the top pole plece P2 with a pole up
element PT2 on top of the gap laver G (see Figs. 24 and 25); and directing at least one ion
beam at the pole tip portion of the second shield laver S2 in a direction which is substantially
parallel to the ABS and at an angle to the first and second sidewalls 88 and 90 of the pole
tip element PT2 using the pole gi,p element PT2 as a mask to notch the S2 layer at 78 and 79
on each side of the pole tip element PTZ. the notches leaving the second shield laSIee S2 with
a pedestal, the pedestal Being the pole tip layer PTIE. and the second shield layer S2, less the
pedestal pole fip element PT1b, betv;/een the ABS and the zero throat level being the pole tip

element P'I"la.(see Figs. 17 through 19).. the first sidewalls 80 and 88 of the pole tips PTI1b
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‘and PT2 being aligned in the first vertical plane 100 and the second sidewails 82 and 90 of

the pole tips PT1b and PT2 being aligned in the second vertical plane 102. the first and
second Vt;n;'cal plane§ 100 and 102 being spaced from one another at the ABS to define the
track width w of the merged MR head (see Fig. 6). The step of directing at least one io:n
beam may comprise first and Second ion beams, the rirst ion beam being at an angle 8 in the
range of 0°<f<60° and the second ion beam being at an angle § in the range of 60°<8<85°.

The step of depositing the gap layer G may include providing the gap laver with a thickness

that defines a length g in the range of 0.1 um 10 0.7 um with the length of the pole tip

element PT1b at the ABS being in the r_ahge of 0.5g to 3.0g. The step of directing at least

one ion beam may include notching the second shield layer S2 at 78 and 79 so that each

notch is approximately 0.7 um deep thereby providing the pole tip element PT1b with a
length of approximately 0.7 xm: and the step of directing at least one ion beam inciuding
reducing the layer thickness of the pole tip element PT2 approximately 2 um.

It is now readily apparent that the aforementioned discoveries allow a merged MR

" head to have vertically aligned pole tips adjacent the gap layer with the bottom pole tip

¢lement being a pedestal with respect to a second shieid layer S2 of a merged MR read head.

The vertical alignment of the sidewalls optimizes the minimizing of sidewriting berween the

- pole tips.

Clearly, other embodiments and m:odiiications of this invention will occur readily to

those ordinarily skilled in the art of these teachings. Theretore. this invention is to be limited

only by the following claims. which inciude all of such embodiments and modifications when

viewed in conjunction with the above specification and accompanying drawing.
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CLAIMS

WE.CLAIM: |

L | A merged MR head comprising:

a write head which has bottom and top pole pieces P} and P2;

the pole piece P1 having bottom and top pole tip elements PTla and PTI1b aﬁd the
pole piece P2 having a pole tip element .PTZ;

an MR read head which has a second shield layer S2, the second shield layer S2
comprising the bottofn pole piece and its péle tip element PTla;

the pole tip element PT1b forming a pedestal with respect'to the second shield layer
S2;

each of the pole tm elements PT1b and PT2 having first and second sidewalls. the first
sidewall of each of the pole tip elements PT1b and | PT2 commonly lymg in a first vertical
plane and the second sidewall of each of the pole tip elements PT1b and PT2 commonly lying
in a second venicai plane; and’ |

the first and second verti_cai pianes being spaced from one anot'her at an air bearing
surface (ABS) by a distance w representing a write head track width.

. A magnetic disk drive including fhe merged MR head as claimed in claim I,
the drive including:

2 housing:

means mounted in the housing tor rotating a magnetic disk; and
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a support, including a siider, mounted in the housing for supporting the merged MR

head in a transducing relationsnip with respect to a magnetic disk when the magnetic disk is

rotated by the means for rotating.
3. A merged MR head as claimed in claim 1 including:
the second shield layer 52 comprising the pole tip element PT1b in addition to the

pole tip element PTla..

4, A merged MR head as claimed in claim | including:
a gép lﬁyer G located between the pole tip elements PT1b and PT2. the gap layer G
haﬁng first and second sidewalls. the first sidewall of the gap layer G being located in the
first vertical plane and the second sidewall of the- gap layér G being lécatéd in the s_eéond

vertical pIane.

3. A merged MR head as claimed in claim 1 including:

the pole tip element PT2 being a single layer.

. 6.~ A merged MR head as claimed in claim | including:

the pole tip element PT2 comprising pole tip elements PT2a and PTZb. each of the

. pole tip elements PT2a and PT2b being a separate laver.

7. A merged MR head as claimed in claim 1 including:
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the MR read head inciuding:

.a first shield layer S1 in addition to séid second shield layer S2:

first and 'sécond gap layer .Gl and G2 sandwiched beiween the -ﬁrst and second
shield layers S1 and S2; and

an MR element sandwiched between the first and second gap layers Gl aﬁd.

G2.

8. A merged MR head as claimed in claim 1 including:

the distance between the first and second vertical planes being less than 5 pm.

9. A merged MR head as claimed in claim 1 including:
the length of the gap G at the ABS being g; and

the length of the pole tip element PT1b at the ABS being in the range of 0.5g to 3.0g.

10. A merged MR head as claimed in ciaim 9 including:
the second shield laver S2 comprising the pole tip element PT1b in addition to the

pole tip element PT1a.

11" A magnetic disk drive including the merged MR head as claimed in claim 10.
the drive including:
a housing;

means mounted in the housing tor rotating a magnetic disk; and
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a support. including a siider. mounted in the nousing for supporting the merged MR

head in a transducing relationship with respect to a magnetic disk when the magnetic disk is

rotated by the means for rotating.

12. . A merged MR head as claimed in claim 10 including:

a gap layer G located between the pole tip elements PT1b and PT2. the gap layer G

having first and second sidewalls. the first sidewall of the gap layer G being located in the
first vertical plane and the second sidewall of the gap layer G being located in the second

vertical plane.

13. A merged MR head as claimed in claim 12 including:

the MR read head including:

‘a first shield laver S1 in addition to said second shield layer S2:
first and second gap layer G1 and G2 sandwiched between the first land second
shield layers S1 and S2: and

an MR element sandwiched between the first and second gap layers Gl and

14. A merged MR head as claimed in claim 13 including:

_ the length g of the gap G being in the range of 0.1 um 10 0.7 pm: and

the length of the pole tip element at the ABS being substantially 2.0g.
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A merged MR head as claimed in cizim 14 including:

o
tn

the pole tip element PT2 being a single layer.

i6. A merged MR head as claimed in claim 14 including:
the pole tip element PT2 comprising pole tip elements PT2a and PT2b, each of the

pole tip elements PT2a and PT2b being a separate laver.

17. A merged MR head comprising:

a write head which has bottom and top pole pieces P1 and P2;

the pole piece P1 having bottom and top poie tip elements PT1a and PTIB and thel
pole piece P2 having a pole tip element PT2. the pole tip element PT1a having a width w:hi'ch
is wider th'anl the width of the poie tip element Ple:

an MR read head whiéh has a secon_d shield layei' S2, the second shield laver S2

‘comprising the bottom pole piece including its pole tip element PT1a;

the pole tip element PT1b 'being a pedestal with respect to the second shield layer S2:

the pole tip element P'.I'.l.b having a top tilm surface. first and second sidewalls and
a front wall, the front wall forfning a part of an air bearing surface (ABS) and the top tilm
éurface being bounded by the front wail and the first and second sidewalls:

the pole tip element PT2 having 10p and bortom film surfaces. a front wall and first

. and second sidewallé, the front wall forming a part of the ABS and the top and bottom film

surtaces. being'bounded by the front waii and the first and second sidewalls;
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a gap laver G sandmcuea between 'ne top L surface ot the poie tip element PT1b

~ and the bottom film surface of the pole tip element PT2, the gap layer G having top and

bottom film surfaces and a front wall. the front wail forming a part of the ABS and the top
and bottom film surfaces being bounded by the front wall and the first and second sidewalls;

the first sidewall of the each of the pole tip element PT1b. the gap layer G and thé
pole tip element PT2 lying contiguously in a first vertical plane and the sef:ond sidewall of
ea<.:h of the pole element PT1b. the gap layer G and the pole tip element PT2 lying
contigﬁously in a second vertical plane: and |

each of the first and second vertical planes being pexpendicular t(.) the ABS and spac;ed
from one another at the ABS by a distance w which is the track width of the write head.

18. A merged MR head as claimed in claim 17 including:

each of the pdle tip-eiements PT1a and PT1b being a separate.magnet'ic layer;

the pole tipl element PT2 comprising a top pole tip element PT2a and a bottom pole
tip e_iement PTZB; and" |

the material of the poie tip elements P'flb and PT2b having a higher moment of

saturation than the material of the pole tip elements PTla and PT2a.

19. A merged MR head as claimed in claim 17 including:
the length of the gap G at the ABS being g; and

the length of the pole tip element PT1b at the ABS being substantially 2.0g.
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20. A merged MR head as cizimed in ciaim 19 including:

the length g of the gap G being in the range of 0.1 pm tb 0.7 um.

2L A merged MR head as claimed in claim 20_.including:

the second shield layer S2 comprising pole tip element PT1b in addition to pole tip

el_ement PTla.

22, A merged MR head as claimed in claim 21 including:
the MR read head including:

a first shield layer S1 in addition to said second shield layer S2:

first and second gap laxers G1 and G7 sandmched bemeen the first and
second shield lavers S1 and S" and |

an MR element sandwiched between the first and. seéond gap layers G1 and.

23. A magnetic disk drive inciuding the merged MR head as claimed in claim 22.

the drive including:
. a housing;

means mounted in the housing ror rotating a magnetic disk; and

2 support. including a slider. mounted in the housing for supporting the merged MR

head in 2 transducing relationship with respect to a magnetic disk when the magnetic disk is

rotated by the means for rotating.
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24, A merged MR head as claimed in claim 22 including:
the pole tip element PT2 comprising pole tip elements PT2a and PT2b. each of the

pole tip elements PT2a and PT2b being a separate layer.

25. A merged MR head comprising:

pole tip elements PT1a, PT1b and PT2, each of the pole tip elements PT1b and PT2

having first and second sidewalls;

an MR read head including ﬁ second shield layer S2. the second shield layer S2
comprising the pole tip element PT1a;
the pole tip element PT1b being a pedestal with ré‘sp_ect fo the .second shielci layer'S2; -
.. the first sidewall of each of the pole tip elemém_s PT1b and PT2 tei g ali'gned in a
first vertical plane and the second sidewall of each of the pole tip elements PT1b and PT2b
being aligned in a second vertical pl'ane: and
the first and second vertical planes bei.ng spaced from one anofher at the ABS by a

distance w which defines the track width of the merged MR head.

26. A merged MR head as claimed in claim 25 including:
the second shield layer S2 comprising the pole tip element PT1b in addition to the
pole tip element PT1a; and

the pole tip element PT2 being a single layer.
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27. A merged MR head as ciaimed in claim 26 including:
the length of the gap G at the ABS being g;
the length g of the gap G being in the range of 0.1 um to 0.7 um: and

the length of the pole tip element PT1b at the ABS being in the range of 0.5g to 3.0g.

28. A method of making a _mergec_i MR head which has a top and a bottom. thé top

" and bottom of the merged MR head being bounded in part by an air bearing surface (ABS),

the method comprising the steps of:

depositing at least one magnetic laver to form a second shield layer S2 of an MR head
and a bottom pole piece P1 which extends f_rom an air bearing surface (ABS) to and including
a back gap, the bottom pole piece P1 having an undefméd' pole tip portion which exte;xds
between the ABS and a zero throat level:

depositing another magnetic laver to form a top poie piece P2 above the bottom pole
piece P1 from the ABS to and including the back gap, the top pole piece P2 being formed
\ﬁth a defined pole tip element PT2 which extends between the ABS a;nd the zero throat 1evel
and which has first and second-vert'icai sidewalls: and

directing at least one ion beam at the undefined pole tip' portion or the bottom pole |
piece Pl at an angle 4 to the sidewal.ls of the defined pole tip element PTZ. using the defined
pole tip element PT2 as a mask. to verticaily notch the bottom .pole piece P1 on each side of
the pole tip element PT2 to form the bottom pole piece P1 into pole tip elements PT1a and

PT1b. the pole tip element Ple being a pedestal with respect to bottom pole pnece P1 and
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having first and second vertical sidewalls which are aligned with the first and second vertical

sidewalls respectively of the pole tip element PT2.

.29. A method as claimed in claim 28 including:
before the step of directing at least one ion.beam at the undefined poie tip porﬁon of
the bottom pole piece P1, depositihg a phbtoresist mask on top of the top pole piece P2:
providing an opening in the photoresist mask which exposes the detined pole tip
element PT2 and an area on each sid.e thereof so that the defined pole tip eiement PT2 can
act as a mask for the step of directing at least one ion beam at the undefined pole tip portion

of the bottom pole piece P1.

30. A method as claimed in claim 28 including:

before the step of depositing said another magnetic layer, depositing.a gap laf.'er Gon
top of said at least one magnetic layer to cover -the undefined pole tip portion of the bottom
pole piece Pl:

the step or directing at least one ion beam inciudiﬁg directing the ion beam at the gap
layer G before directing the ion beam at the undefined pole tip portion or the bottom pq‘le
piece Pl: and.

- the step of directing at least ore :on team providing the gap layer G with first and
secona vertical sidewalls which are ailiznzd with respective first and second vertical sidewalls

of the pole tip elements PT1b and PTZ.

- - 36
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31. A method as claimed in ciaim 28 inciuding:

pefore the step of depositing said another magnetic layer. depositing a gap layer G on

top of said at least one magnetic layer to cover the undefined pole tip portion of the bortom

pole piece P1;

the step of depositing the gap layer G p.rb\-jiding the gap layer with a thickness g in

the range of 0.1 ym to 0.7 pm. at the ABS: and

the length of the pole tip element PT1b at the ABS being substantially 2.0g.

32. A method as claimed in claim 28 including:

the step directing at least one ion beam consisting of directing a singie ion beam at

a single angle 6.

beams:

33. A method asclaimed in claim 28 inciuding:

the step of directing at least one ion.beam comprising directing first and second ion

the first ion beam being at an angle # in the range of 0°<6<60°; and

the second-ion beam being at an angle § in the range of 60°<6<85°.

34 A method as claimed in claim 33 inciuding:

the first ion beam being at an angle 6 in the range ot 20°<§<40°..

35. A method as claimed in claim 34 including:

237-
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the first ion beam being at an angle 6 of substantially 50°; and

the second ion beam being at an angle § of substantially 75°.

36. A method as claimed in claim 28 inciuding:

the step of direciing at least one ion beam reducing fhe thickness of the pole tip l'ayer:
PT2; and |

the step of depositing the pole tip element PT2 including depositing the pole tip layer

PT2 with an additional thickness. the additional th.ickﬁess being the reduction of thickness of

the pole tip element PT2 caused by'the step of directing at least one ion beam.

37. A method as claimed in claim 36 inciuding:

before the step of directing at least one ion beam. depositing a mask over the pole

- piece P2 layer between substantially the zero throat level and the back gap leaving a window

in the mask between the ABS and the zero throat level to expose the defined pole tip element

PT2 and an area on each side thereof. -

38. A method as claimed in claim 37 inciuding:
. the step directing at least one ion beam consisting of directing a single ion beam at
a single angle 6: and

the angle # being in the range of 0°<§<60°.

39. A method as claimed in claim 37 including:

SA9-92-069 - _
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the step of directing at least one ion beam comprising directing first and second ion

the first ion beam being at an angle 6 in the range of 20°<0<40°; and

the second ion beam being at an angle 6 in the range of 65°<6<85°.

40. A method as claimed in claim 39 inciuding:
the first ion beam being at an angle § of substantially 30°; and

the second ion beam being at an angle § of substantially 75°.

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

before the step of depositing said another magnetic laver. depositing a gap layer G on

top of said at least one magnetic layer 1o cover the undefined pole tip portion of the bottom

pole piece Pl:

the step of depositing the gap layer G providing a laver thickness that provides the gap

G with a length g at the ABS: and

SA9-92-069

the length of the pole tip element PT1b at the ABS being substantially 2.0g.

42. A method as claimed in claim 41 inciuding:

the tirst and second ion beams being directed simultaneously.

45. A method as claimed in claim 41 including:

the tirst and second ion beams being directed sequentially.
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44. A method as claimed in claim 43 iﬁcluding:

the step of directing at ieast one ion beam inciuding placing the bortom pole piece. Pl
with the layers deposited thereon in an ion beam milling chamber and rotating the bottom
pole piece P1 and the 1ayer§ deposited thereon at a constant rpm while directing the ion beam |

at the bottom pole piece Pl and the layers deposited thereon.

" 45. A method as claimed in claim 44 including:

| the step éf depdsiting the gap l_ayer G including providing t_he gap layer G with a
length g in a range of 0.1 pm t0 0.7 pm;

th-e'step qf depositing said another magnetic layer.including depositing the pole tip |
element PT2 with-a layer .thickne'ss of approxirnately 7 pm; |

the step of directing at least one ion beam including notching the bottom.p'ole éiece_ |
P1 so that each notch is approximate'ly 0.7 um deep aﬁd the pedestai has a height of
approximately 0.7 um: and |

the step of directihg at least one ion beam reducing the thicl;ness of the pole tip

element PT2 approximately 2 pzm.

46. A method of making a merged MR head which includes an MR read head and

a write head, the MR read head including first and second shield lavers S1 and S2. first and

second gap lé.yers G1 and G2 sandwiched between the first and second shield layers St and

S2 and an MR element sandwiched between the first and second -gap layers GI and G2, and

. .40-
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the write head inciuding bowom and top pole pieces P1 and P2 which extend from an air

bearing surface ( AB-S) to and including a back gap. the bo_ttorh pole piece P1 comprising the

second shield layer S2, the bottom pole piece P1 having pole tip elements PTlé and PT1b

which extend between the AB'S and a zero throat level and the top pole piece P2 having a
pole tip element PT2 ivhich. extends between_the ABS and the zero throat level, the pole tip
element PT1b being a pedestal with respect to the second shield layer S2, the bottom pole P1 |
and the pole tip element PTla: the second shield layer S2 comprising the pole tip elements
PTlaand PTIE, a gap layer G sandwiched between the pole tip elemems. PT1b and PT2, and
each of the pole tip element PT2. the gap layer G and the pole tip element PT1b havfng first
and second vertical sidewalls, the first vertical sidewalls of the pole tip element PT2, the gaﬁ
layer G and the pole tip element PT1b lying cqntig_uously in a first vertical plane and ‘the
sec?ond vertical sidewalls of the 'polcltip element PT2, the gap _laygr. G and the pole tip
element PT1b iying contiguously in a second vertical plane, the first and second vertical
planes being perpehdicular to thé ABS and spacéd from o_ﬁe another at the ABS by a distance
w 10 define the track width of the merged MR head. the method of making comprising:
depositing a first magnetic layer irom the ABS to and including the back gap to form:
(1 thé second shield laver.S2 of the MR read head and
(2)_ the bottom pble P! with an undefined pole tip portion between the ABS
and the zero throat level and a back r.riion between the zero throat level and the back gap;
depositing the gap layer G on rup of the first rﬁagnetic layer from tl;xe ABS tb'the Zero

throat level,
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.depo.sitin'g a second magnetic layer on top or the gap laver G and above the first
magnetic layer to form the top pole piece P2 with a deﬁned pole tip element PT2 which has
first and second vertical sidev@‘&lls; and

| dirégting at least one ion beam art the first magnetic layer in an area of the undefined
pole tip portion of the bottom pole P1 in a direction which is substantially parallel to thé ABS
and at an aﬁgle @ to the first and seéond vertical sidewalls of the pole tip element PT2 using
the pole tip element PT2 as a mask to notch the first magnetic layer on each side of the pole
tip element PT2. the notc_hes. leaving the first magnetic layer with a vertical pedestal. the
vertical pedestal being the pole tip element PT1b and providing the péle tip element PT1b
inth first and second vertical sidewalls. and the magnetic layer, less the pedestal. between the
ABS and the zero throat level comprising the poie tip element PTla. the first vertical
sidewalls of the pole tip elements PT1b and ISTZ Eeing aligned in a first vertical plane and
the second sidewalls of the -pél_e tips PT1b and PT2 being aligned in a second vertical plane,
the first and second vertical plari_es being perpendiculér to the ABS and spaced from one

another at the ABS to define the track width w of the merged MR head.

47. A method as claimed in claim 46 inciuding:

the step of directing at least one ion beam including directing the ion beam at the gap
laver G before directing the ion beam at the undefined po[e tip portion: and

:he step of directing at least one ion beam providing the gap laver G with first and
sécond vertical sidewalls which are aligned with respective first and second vertical sidewalls

ot the pole tip elements PT1b and PTZ.
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+8. A method as claimed in claim 46 including:
the step of directing one ion beam comprising directing first and second ion beams:
the first ion beam being at an angle # in the range of 20°<§<40°; and

the second ion beam being at an angle § in the range of 63°<6<85°.

49. A method as claimed in claim 48 inciuding:

the step of directing the first and second ion beams reducing the thickness of the pole
tip element PT2;, and |

the step of depositing the magnetic laver to form the pole tip element PT2 including
depositing the pole tip element PT2 with an additional thickness. the additional thiciméss
being the ;eduction of thickness of ;ché pole tip'eiement PTi caused by the step of directing
at least one ion beam:; and

before the step of directing the first and second ion beams. depositing a mask over the
top pole piece P2 substantially between thé. zero throat level ‘and the back gap leaving a
window in the mask between the ABS and the zero throat level to expose the defined pole

tip element PT2 and an area on each side thereof.

- 30. A method as claimed in claim 49 including:
the step of depositing the gap laver G providing a layer thickness that provides the gap
G with a length g at the ABS: and

the length of the pole tip element PT1b at the AB'S.b'eing in the fange of 0.5g to 3.0g.
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5. A method as ciaimed in claim 50 including:
the first ion beam being at an angle § of approximately 30° and

the second ion beam being at an angle 6 of approximately 75°.

52. A method as claimed in claim 31 including:

the step of depositiné the gap layer.G including depositing a gap laver G with a
thickness g in the range of 0.1 ym-to 0.7 um:

the step. of depositing the pole tip element PT2 including depo_siﬁng the pole tip
element PT2 with a layer thickness of approximately 7 um;

the step of directing the first and second ion beams incluciing notching the first -
magnetic layér with a depth w;hich is app'roximately- 0.7 pm deep thereby providing the
pedestal with a height of approximately 0.7 um; and

the step of directing the ﬁrét and second ion beams reducing the layer thickness of the |

pole tip element PT2 approximately 2 pm.

33. A method as claimed in claim 52 including:

the step of directing the first and second ion beams including placing the first
magnetic layer with the lavers deposited thereon in an ion bearn milling chamber and rotating
the first magnetic layer and the la_?ers deposited thereon z;t a constant rpm while directing the

ion beam at the first magnetic layer and the layers deposited thereon.
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34 A method as ciaimed in claim 53 including

the first and second ion beams being directed simultaneously

35. A method as claimed in 33 including

the first and second ion beams being directed sequentially
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