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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

5 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
10 . 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 manﬁfacrure. With various thin film manufacturing
techniques. the heads can be fabricated in batches on a ceramic substrate, and then diced into
15 individual heads. |
A thin film write head includes cottom and top péle piéces P1 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 helght

is measured between an air bearing surface ("ABS"), formed by polishing the tips of the Dole
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Theipresent invention relates to a thin filmmerged nagnetor esi stive (MR
head which has aligned pole tips and to a nethod of manufacturi ng the
‘head. 2. Description of the Related Art In a magnetic disk |
drive, data is witten and read by thin film nagnetic tra_nsdu_cerjs called -
"heads" whi ch are supported over a surface.of the disk while it is rot at' ed
at a-hi gh piegeseand aTmerolthrods heigit lewgipGzdredhopr velh), witis Heoborin Bble diék p@i r
- bearing") produced by the  disk's high rotational speed.
and the top pole piece P2 converge at the magnetic recording gap. A thin film magnetic
write head also includes a polé 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
5 a back gap. Each pole piece has a pole tip portion 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 pieces 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 layer of insulation material. The pole
10 tip of the top pole piece P2 is the last element to induce flux into a magnetic medium:
therefore. its width is more important than the width of the pble tip on the bottom pole piece
P1. However, as will be explained in detail hereinarter, it is important for the pole tips to

have the same width so as to minimize flux leakage therebetween.

In order 10 increase the amount of data stored per unit of disk surface area ("areal

13 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 aiso be improved by iﬁcreasing the number of data tracks which a write head can

20 record on a disk; the related parametric expression is "tracks per inéh“ 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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Thig filmmagnetic wite heads are desirable because they provide high
areal density and thin filmnmgnetic read heads are desirabl e because of
‘their high resolution. Thin film nagnetic heads are al so easy to

manuf acture. Wth various thin filmmanufacturing techniques. the heads
.can be fabricated in batches on a ceram c substrate and then diced into
i ndi vi dual headsn MR read headerhpliows & maghewtesitiheadR) elemeneshioh chamgesredistanpe
pole pi eces P1 and P2. respectively, that are formed fromthin filns

| " | | v
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di mensi on” '€oh roat “herght”. Ih a~tinished wite head. throat

hei ght
: J is passed through the magnetore51st1ve element. varies propomonately to the change in

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

5 ~ based on how weil the resistance change of the fna@etoresistive element follows the change

in flux density sensed from thé magnetic medium.l In a disk drive, a differential preamplifier

is c&nnected 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

10 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 ‘

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 bottom 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

20 i_trﬁnediately arter writing.
Hou;'ever. present mergéd MR head structures generate signiﬁcantly large side-fringing

ﬁélds during recording. These fields are caused by flux leakage from the top pole P2 to the

-
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i s geasured between an air bearing surface ("ABS"), formed by polishing the
tips of the pole ' -2-

pi eces. and a zero throat height level ("zero throat level"), where the
bottom pol e piece P1 and the top pole pi'ece P2 converge at the magnetic
recording gap. Athin filmmagnetic wite head also includes a pole tip
regi on. Wyafi of thel WistRE ol R1VReond ki é@iSnatefined by PEr oThet dides fringirey felds &int a

back area. which extends back fromthe zero throat level to and including
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" perfonnénce of the MR element is poor. That is. wnen
5 ~the MR element is moved laterally .from the cénte;' oI a track being read, it cannot fr_10ve faf
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
10 * 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. | |
15 The present methods for fabfiCating 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
20 order of 50 um, in order to shield the MR element in the read head. The disparity between

- 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
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a back gap. Each pole piece has a pole tip portion 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 pieces P1 and P2 of the wite head. Each of the pole
pieces Pl and P2 transitions to a pole tip in the pole tip, region. The
pol e tips shiedd S3pavhicheproides aglaree( lgjeralvghienneli for she Blux ling§ dromafihe tep, palei tim
material. The pole tip of the top pole piece P2 is the last elenent to

i nduce f | UfermaitP TR, "RGWAI be dediable for thiveseednd shieldtraembett 32, ivehicko cemprises thant
than the width of the pole tip on the bottom pole piece Pl. However. as

Wil be explaPBhleih dlehal PAEREHAA Lifbwalls whitn P EiERA P the! fiferPls ot theS
top pole tip element PT2. ‘However. this._is impossible since the second shieid member S2
5 - has to be wide in order to Iprotec't the MR element. This- then WOﬁld 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 bole tip .portion PT1b on top of the second s_hield layer S2, the S2 layer then serving
as éMder, bottom pole tip element PT1a. Both of these pole tips are the pole tip portion of
10 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 fra;ne 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 proceés. resulting in misalignment 6f the p‘notorés_ist masks. In ion beam milling,
redeposition of milling debris builds up on PT2 during the_ process, -causing a shaddwing of
20 the pole tip layer PTib 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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have the sane w dth so as to mnimze flux | eakage therebetween.

In order to increase the anount of data stored per unit of disk surface
‘area ("areal density"), a wite head nust wite nore data in narrower
tracks on the disk surface.  Accordingly, areai density can be inproved by:
decreasing the gap |l ength between the pole tips. By decreasing the gap

| engt h. t hprowides demagnetic pathhion side{fringikg ifieldstpAasraphs hEke bedipirade 6 renidvet e
gap length is limted by the decreasing flux intensity between the pole

tips. Arealebridomnditb YesRAllPhish B8 s{dEWaHé’SF‘gﬁé g@@&@gwwﬁewﬁg HATBE be

relat ed parane
ﬁe tcg {h%c.lﬁaeveaeﬂs ra&%p tha%r s;raIzFﬂt dow-|1_1he F;I will cut away some of the debns

tracks which a wite hea can record on
expressi on_i

h 2flah

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

5 .- process.

SUMMARY OF THE INVENTION

The side-fringing problem of the prior art merged MR head has been solved by the

discovery of two unique steps in the process of manufacturing the merged MR head. The

first discovery is that the length of the pole tip PT1b (pedestal portion with respect to the

10 S2/PT1a pole tip).can be made shorter than previously thought.. The inventors have observed

that a pedestal pole tip PT1b with a length of 0.5 to 2.5 times the length g of the gap G will

significantly reduce side-fringing fields provided- the sidewalls of the pole tip PT1b are

vertically aligned with the sidewalls of the pole tip element PT2. Vertical alignment has been

accomplished by a second discovery involving two steps. The first step is to frame plate the

13 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

20 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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capability of a wite head is increased by decreasing the head di mension
whi ch determnes the width of a data track; typically this dinension is
called the head "track w dth".
This is the replacenent sheet

-3- .

An MR read head enpl oys a nmagnetoresistive (M) el errent whi ch

changes r ethersbeiowern ¢ach seminbesitiewatisgebim the maea‘ehml?ylpf Phih. a Wit a1proper
magnet | c disk. A sensing current. which

wh

10

- tip PT2. the ion beam cuts and concurrently cleans up redeposition. It has been found that

angle or angles, the surprising result is that the sidewalls of the pedestal pole tip Ple will
be vertically aligned'with 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 be 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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i s passed through the nagnetoresistive el ement. varies proportionately to
the change in resistance of the magnetoresistive element. The response of
the magnetoresistive el ement is based on how well the resistance change of
the magnetoresistive el ement follows the change in flux density sensed
fromthe magnetic nmedium In a disk drive, a differential preanplifier s
connected to thanpRipseebihegiresenvigvertiomento brovige oitis silngmagrrdbasdd FhizAas
fromthe read head. The magnetoresistive elenent is a thin filmlayer

which is s%}dwg*m@nb@pmqggsb,@tgqmminggmeg,mng'nsul ation) layers Gl and
& which. in turn. are sandw ched between bottonT 'and top shield layers Sl

and S2. The di shange 9&&(‘!@? R E)Fb%icfeh‘l. ?rlug flxlf%y r%rexsgeldsi\/[ﬁa}helag%ﬁic 3 h:rasegr(ljproved otf-

track performance.

A further object is to provide a merged MR head with a second shieid layer S2 that

W

serves both as a shield 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
10 S2 layer therebelow serving as a pole tip element PT1a for the lower pole P1 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. |
Otﬁer objects and advantages will become appafent when considered in light of the

following description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

—
i

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 miagnetic disk.
20 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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gap:‘ The smaller the read gap. the greater the resolution of the MR read
head. A recent advance in technol ogy has provided a merged MR head.
"A merged MR head enploys an MR read head and a write head in conbinati on.
This is. acconplished by using the top shield S2 of the MR head as the
bottom pole P1 of the wite head. A nerged MR head has a high capability
for either readii@gt isra topi planag schematicailyachtioR diehsl wsiae bead of Bizessi ng st eps
over constructing separate read and wite heads because the second shield

layer S2 of the&idhs lsensidooray of 68 embydmensof he PPAhPMRiP GilA rﬁ%z@@fv[ﬁ rl"l‘éac¥
wite head thereby elimnating a fabrication step. Another advantage o
the merged MR hgadg {Saf ‘QBS il tﬂeﬁ@&ﬁgsplane VI-VI of Fig. 5.
Fig. 7 is a side illustration of andther.'e.rnbodimen; of the present thin film nierged MR
5 o head.
Fig. 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.
10 Fig. 14 is an ABS view of a prior art thin film merged MR head.
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 illustration of an exemplary ion beam chamber.

uQ

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

clean up are directed simultaneously rather _than sequentially, as shown in the Figs. 17-19

processes.
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of {he read and wite heads can be easily aligned on a single suspension
.systemfor reading immediately after witing. However  present
“nmerged MR head structures generate significantly | arge side-fringing
fields during record| ng. These fields aré caused by flux | eakage fromthe
top pole P2 to th parts of the bottom pole Pl beyond the region
defined by P2. rpﬁe-gllﬁj@efsaqnﬁgqsrfgefl@pwop the potching 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. |
5 . 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
10 - removed.
Fig. 26 is a top planar view with the top poie piecé P2 masked leaving the' pole ‘[ip
PT2 exposed.

Fig. 27 is an ABS view of the structure illustrated in Fig. 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

15 therein.
Fig. 28 is the resulting pole tip structure arter ion beam milling at an angle to the
side@ails of the pole tip PT2 thus forming the pedestal pole tip Ple.
Figs. 29 through 33 are similar to Figs. 24 through 28. respectively.
Fig. 34 is similar to Fig. 33. except additionai layers PTlc and PT2b are deposited to
20 obtain different materials than the remainder of the role tips turther away frbm the gap G.
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the mninumtrack width achievable and therefore limt the upper reach of
track density. Cohsequenty, when a track witten by the recording el ement
of a merged MR head is read by the MR elenent. the "offtrack” performance
of the MR elenment is poor. That is. when "the MR elenent is noved laterally
fromthe center of a track being read. it cannot nove far before

interference from t hpESICRIPTION OFeTHY] RROFERREDKEMBODEMENTSiterfere with
| the fields of the track being read _ In an inductive head. the '

Si :
el L SRR DA R, i
similar parts throughout the similar views. there is iilustrated in F_lg. 1 a magnetic disk drive
40 which includes a rotating magnetic disk 42. The disk 42 is rotated by a motor 44 which
5 is responsive 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 called 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) 54 of the slider.
10 The ABS 54 is spaced from the surface of the mégnetic diék 42 by a distance d which is the
ﬂvmz height of the merged MR head 46 when the magnetic disk is rotating. The shder.48
is connected to a head suspension - assembly 36 \\hxch 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.re of the
linear or bit density of the read head. "“hen the length of the write head gap is reduced. the
20 bit density is 1ncreased Another important measure is the TP 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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milFi ng through the top and bottom pol e pieces. However, because of
shadowi ng caused-by the top pole tip PT2 during this process, there is
'some outward taper to the bottompole tip PT1. Wil e the asymmetry of this
taper results in sone.undesirable effects. the sidewails OL thg pﬁl e gl ps
are generally vertically aligned.to prevent side-fringing beyond the edges

. of tge ggbov%g}"\féé?ﬁfrﬂﬁal%ﬁ’aé‘ }§ yygtten Ber unit areg oI thesmagieticediffods f or
fabricating -a merged MR head deposit .a gap |ayer on top of the second
shiel d | ayer SFigndillusaaresiepersion of Aenergad MBi leeati 46 sRIRingnhé MR fad &l SPand

| ayer. The pole tip PT2 can be defined either by photoresist frame plating
or ion beaftre mrite hegl 5Ih&he merged MR head 46 is mounted on the slider 48.

As shown in Fig. 3, the read head 50 includes a magrietoresistive element MR which

N

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
10 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 inclu’diﬁg a back gap. The write head 32 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 located in the back region. the back layer portions of the pole pieces being’

[
i

magnetically connected at the back gap (BG). The bottom 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 .
20 | 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 berween the pole tip elements PT1b and PT2. A desired thickness

-12-
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wi dth of the pole tip PT2 is kept narrow. in the order of 5 [err]m so as
tolimt the wdth of witten tracks. However, the second shield | ayer S2
of the MR read head is very wide. in the order of 50 [err]m in order to
shield the MR elenent in the read head. The disparity between these w dths
results in a side-fringe flux field between the pole ti [) el enents which
extends | €gapriengty) ofahisraver ieanguiti0 A wn viltich walb oplrnizetthg!limere demitysoti he swriis ed
by the width of the second S ' ' :
head without sacrificing its rlux intensity. However. acceptable gap lengths range from 0.1
pm to 0.7 um. The gap laver G may extend to the back gap BG or aiternatively may
terminate at the zero throart level.

5 A first insulation layer I, is deposited on top of the gap layer G by any suitable
method such as photo_lithography. On top of the first insulation layer I, there is deposited a
coiled conductor layer 70 by any suitable method such as photoresist frame plating. Ontop
of the coiled conductor layer 70 there are deposited second and third insulation layers I. and
I; by any suitable means. such as photolithography.

.10 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 Figs.
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,

v—
an

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
20 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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-5-+shield S2. which provides a large lateral channel for the flux lines
fromthe top pole tip element PT2. It -would be desirable for the second _
shi el d menber S2. which conprises the bottompole tip el enent PTI. to have -
‘sidewal I's which are aligned with the sidewalls of the top pole tip elenent
PT2. However. this is inpossible since the second shield nenber S2 has to

be wi de i nSbpoein tempartsbrad atwidth\T 2 emtortthe Thih dfhee pweulelapeR@! [t Should
prevent inprovenent in the off-track performance probl emof the nerged

head. be notéd'thab e HotcPithgl 78 4da€7956 4G 5EdoREsARIPLPR DB Blidkl &em%dgs%ﬂ le%

head is to construct a
tip element PTIb with first and second vertical sidewails 80 and 82. Similarly, the gap layer

G has first and second verticai sidewalls 84 and 86. The pole tip element PT2 on top of the

5 . 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

10 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

15 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

20 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
-14-
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‘narfow pole tip portion PTlb on top of the second shield |l ayer S2, the S2
layer then serving as a wider, bottompole tip elenment PTla. Both of these
pole tips are the pole tip portion of the bottompole P1. with the pole
tip layer PTIb forming a pedestal on the ‘pole tip elenment PTla. The gap

| ayer is then formed on to f the pole_tip |ayer PTIb and the pole tip

el gment P'P?S’(S‘P“tlﬁel’-?‘b&bgﬁege raive fomee dfigld  Wasytaken @ - broft the rpumalizgre head
This pole tip arrangenment can be constructed either of tw ways: (1) frane
pl ati ng eaniplinidetdivecepndse heddssre @¥Fignbd arcinB E2madinngn whied field of 2t5 imekihedisk
techni ques or (2) masking the yoke area of the top pole P2 and ion beam

m 1 11ing t hh&iig BodBivity Of4) the offRh& bosiforli54meditred 'frdin 35siElAll 8F e EapIGRilong

the gap’s la;eral centerline; (3) the gap length is 0.4 um; (6) the flying height of the head
5 above the rotating disk is 0.075 um; (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
10 of the analysis. In fig. 9 the lengﬁh of the Pedestal pole tiﬁ element Ple; shown in Fig. 3,
| is three times the length of the gap, or 1.2 pm. It can. be Séen at 0.4 of th_e 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
5 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
20 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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Iayér therebetween, In the frame plating process. it is extrenely difficult
to align the sidewalls of the pole tips PT2 and PTIb. This is because each
of the pole tips is plated in a separate process. resulting in o

m sal i gnment of the photoresist masks. In ion beammlling, redeposition
of mlling debris builds up on PT2 during the process, causing a shadow ng

‘of the pohe gap.priG3 em. PEven withrdb2 uanlengfhitte sddastalpale tipWT Worosidel §0%
encountered in constructing the inductive head dlscussed her e€i nabove,

resul ts i NngRovierRber AR n&ﬁé‘éfekﬁpétaéll | 804 AGrod 98 hBRI flely! P PT 1P
Shadovm ng laterally extends t he | ower tip, anc .

The aforementioned anaiysis demonstrate; that the len'lgth of the pedestal pole tip PT1b

can be very short a‘nd still accomplish significant improvement in off-track pérformance. An

5 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 um demonstrated. The length of the

gap can raﬁge all the way from 0.1 um to 6.7 pm for acceptable performance. The ndtching

or length of the pedestal pole ti? PT1b would accordingly be 0.5 to 3.0 times the designed

10 gap length. Of considerable sieniﬁéance is that the pedestal element PT1b can be formed in

the second shield layer S2 of the read head 50 w1thout altering .the performance of the la\;er

2 i in shielding the MR element. The second shield layer S2 is typically 7 to 8 um thick and

a notching of approximately 1 pm will not affect its performance. However. if desired. the

second shield laver S2 can be deposited with .a 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 eizment 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

20 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

-16-
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-6-+ provides a magnetic path for side-fringing fields. Attenpts have been
made to renove the debris and to vertically align the sidewalls of these
pole tips by directing the ion beamat an angle to the sidewalls rather
than straight down. This will cut away sone of the debris: however. the
accunul ated debris is too thick to allow obtaining vertical sidewalls by
this processnent of saturation material. such as Permalloy. The construction of the pedestal pole tip

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

. While the short.length bf the pedestal pole tip PT1b is an important discovery, it is
5 ~ 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 of Figs. 5 and 6 can
10 | 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 therebetweﬁ. The second shield laver S2 serves as the Bonom pole piece P1
and, ar its forward exterisiori_. the pole tip element P'fl. The only element separating the pole
tip element PT2 frém the secondl .shiei.d.layer S2 is the gap layer G. Bécause of the large
15 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
20 of the pole tip element PT2. It is this desired performance that the merged MR head of Figs.

Sand 6 achieveé.

."1 7.
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SUMVARY OF THE | NVENTI ON The side-fringing problemof the prior art
nmerged MR head has been solved by the discovery of two unique steps in the
process of manufacturing the nerged MR head. The first discovery is that
the length of the pole tip PTIb (pedestal” portion with respect to the

S2/ PTla pole tip) can be made shorter than previously thought. The ,
i nvent ors have bigséB\illustratdsaan ABSedewtaila pribeatiindudfive head.h Taeligd@iie Afaad. 5
to 2.5 tinmes the length g-of the gap Gwill significantly reduce

si de-fri ngj ' ' rsleualy ' ' T] -
verticall yingﬁlidééng(gg\ﬁmplt% E\éﬁ;{éﬁqégeglﬂd%\%aﬂ-s ‘g{?éhtzﬁgg%%% %&% P%Lgﬁégnfn%ﬁé@g ﬁe?‘%al
al i gnment Q:%Sm?? e elements PT1, G and PT2 to perform both the read and write functions. During

the write function a coil. not shown, induces flux into the pole tip elements PT1 and PT2 to

h

perform the write operatibn. During the read operation the pole tip eiements PT! and PT2
and their corresponding pole pieces induce ﬂuﬁc into the same coil for performing 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
‘10 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 of milled debris

accumulates on the sidewalls of the milled pole tip elements causing the top pole tip element

—
Tt

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
20 moditied from the emb'odirﬁent illustrated in Figs. 5 and 6. In the embodiment of Figs. 7 and
8 the top pc;le piece P2 is constructed of top and bottom magnétic layers 110 and 112 which

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

-18-
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acconpl i shed by a second discovery involving two steps. The first step is
to frame plate the pole tip PT2 on top of the gap layer with a desired
~width. The thickness of the |ayer. may be thicker than the desired final

t hi ckness since this thickness will be reduced by the next: process step.
For instance. if a final thickness of 5 [errJmis desired. an additional 2
[err] m mayP glemeny §Idb has {irsgndisecondivertinalsidesadls ¢4 and &6 and theibole tip element
photoresi st frame plating process. a pole tip PT2 wth a 7 [err]m '

t hi ckness Pd2a lizs frsnaid secbrdl vedtichl sidewaltal 1&eaevwab) sas Tev X Figt€Rhé Sirst O
direct an ion beam at the magnetic |ayer below the pole tip PTZ at an angl e

to the sisgryalit 80.064.1N8, BRI B1¢ PHETRAMAINIL BF PRIbEH: RpTT7r T RS Kol
etic _

not ch the magn ayer

tip elements PT2b and PT2a. respectiv‘ely, lie in the first vertical plane 100. and the second

vertical sidewalls 82, 86, 116. and 120 of the pedestal pole tip PT1b, the gap layer G, and

(9}

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

10 distance bevond that length becomes somewhat insignificant. Accordingly, the pole tip

element PT2a can be provided with a lateral width at the.ABS which -is considefably 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

20 - elements for 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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- 7- .t herebel ow on each side of the sidewalls to formthe pedestal pole tip
PT I b. Wth a proper angle or angles. the surprising result is that the

sidewal | s of the pedestal pole tip PTlb will be vertically aligned with
the sidewalls of the pole tip PT2. Since the length of the pedestal pole -
tip PTIb can be quite snmall. to adequately reduce flux | eakage the pedestal

pole tip ermgeisdTblapd B4Ab ieFigs. 1 and Hestadishes thetrack widtls of thedvrite iheadipdreiyer
' S2. This elimnates ' ' _ .

' ~ of the merged MR head. From this the TPI can be determined, which is a factor in producing
the areal density of the write head.

Figs. 3 and 4 illustrate a more complete embodiment of the write head with portions

cut away to illustrate various details thereof. Part of a cover laver 112 has been broken away,

‘Ln

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

10 signal' current is transmitted to the conduét_or 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 ba'ck ,

" and forth across thé pole tips at the ABS.

Method of Makin.g the Merged MR Head
The merged MR head of the._ present invention is cons@cted using a unique
combination of known thin ﬁlm photolithoérap'ny and ion beam milling steps.

. Photolithography includes depositing magnetic la_vefs 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.

20 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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depositing a layer.on top of the second shield layer S2 in order to forma
pedestal thereon. A typical gap length is 0.3 [err]m which results in a
~length of the pedestal pole tip'element PT1lb of approximately 0.6 [err]m
The notching of the second shield layer S2 by the ion beam mlling to _
obtain the pedestal pole tip element PTlb will not affect its capability to

shi el d t hedireseshearueadlyi downward arghib tsecoByanyi soarceiion bedme 1541 sheaum difecd aehg)! ©
to the sidewalls of the pole tip PT2. the ion beamcuts and concurrently

cleans up agdeposiveiiedl. A wildbe ERNERUDFrotd'aiail ABreRABLE x{?{ ioRbeat] x]mlhno of

produces satlsfactory results. However, an even be tter I ng proces

enpl oys twgel p?&egt?ﬂ%mfoht@ gEcoﬁ%%gﬁéR ﬂnaLlens Lhith i Ganec du X at lscEmQ ggzlgeﬁ%?n

f ound t hat

a vertical. A shutter 136 is pivotally mounted for switching the ion beams on and off with.
5 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

10 - 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

15 | 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

’.’.b to form a pedestal in the bottom pole tip 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-

4

SA9-92-069

This Sheet Has Been Replac

[ IIl




beam directed at 30[err] perforns a cutting and partial clean up of the
redeposition. and a second beamof 75[err] cleans up any remaining

T edeposition to provide vertically aligned sidewalls

bet ween the pole tips

-PT2 and PTIb. Alternatively - a magnetic |layer can be laid on top of the

second shield | ayer .S2 and notch y the steps described fqr |
di scovery. e"?%@(?ﬁi;é‘? thepoietip gﬁ@F?‘?sjrgﬁ € g‘?}ﬁdc?ﬁglmaﬁgg re%oggt&cgglg\tlbﬁ?ﬁt?q%ggﬁlgt
necessary unless.a different  materi al is desired. Alternatively, the gap -
| ayer can ¢ipt $wmxctise riiHel shepetiiods vl & rAmeployedefdr roasHFUBE e &ags- ek é‘l*ﬁ'gg
before defining the pedestal pole tip PTlb therebelow Significantly, “track
wi dt hs | esgpibaainett be tHel presemt iddendeihi &y eds winbbditrient thepols &p elesmdne £T2bralone

10
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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 .

-22-
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contrast the track width of the inductive head has not been | ess than 3

Jerr]m

An.object of the present invention is to provide a

‘thin fllmrragnetlc head which has vertically aligned pole tips so as to

m ni mze sidewiting. Anot her objject is to provide a thin film
mer ged MR head whi ch has inproved off-

.10

—
w

the two-angle embodiment. 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),
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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track per f or mance. . A further object is to provide a nerged MR head
with a second shield |ayer S2 that serves both as a shield for the
nmagnet oresi stive el enent therein and as a.pole tip for the wite head

t hereof with good off track performance. - Yet another object is to
provi de a nerge ad in_which the second shield layer S2 has a
pedestal of a sgﬁsi 24 B‘I”&h 28 H@S}Sé‘&é’élfiélon@e‘?ﬁﬁ“ﬁgmé@nmné the polgl timelamems| b

and the S2 l|layer therebelow serving as a pole tip elenent PTI a for the
| ower pol efdtlthefFigs. drantieés érmbatiimemnaf tha présentinvérrioni dievEikl 34,04 phidisrepiol ﬁ-axfnbp
element PT Ib are vertically aligned with sidewalls '
is utilized for plating the top pole piece P2 and its pole tip portion PT2. The plating
op_erajtion also plates outside the frame. whiéh is called the P2 ﬁeldT In Fig. 25 the
5 - 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
10 been placed on top of the P2 pole piece with an opem'ng 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
15 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.
20 the poie tip element PT2b can be of a different material tt;an 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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of a pole tip PT2.. QG her objects and advantages will become
apparent when considered in llight of the follow ng description of the
i nventi on. . BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a schematic |IIustrat|on of a disk drive not to scale. which

F
STPLOLR 2t S BRI TR R, LR S GRY I iR T pei

thin film

the pole tip element PTlc can'be of a_different material 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
5 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
10 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
20 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

| | 25-
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~write head positioned above a track on a magnetic disk. Fig. 3is
an isonetric illustration of a thin filmnerged MR head ith the |ayers of
the wite head bei ng nounted on top of the layers of an MR read head.

-9 - Fig. 4 is atop planar schematic illustration of the wite head

of Fig. ;g 5 is a side view of one enbodi ment of the present
thin fil m aml §&a beingtatigded in the "lrSI 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
3 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
.tha'.c defines a length g in the range of 0_.1 pm to 0.7 pm 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
10 one ion beam may include qétching the second shjeld layer SZ- at 78 and 79 so that each
notch is approxixhately 0.7 um deep therebyl providiné the pole tip element PT1b with‘ a
length of approximately 0.7 pm: .and.the step of ciirecting at least one ion beam inciuding
reducing the layer thickness of tf_le pqle tip element PT2 approximately 2 um.
tis now.readily apparent that the éf_orel"nentioned discoveries a_llow a merged. MR
15 ' head to have vertically aiigned pole tibs écijacent the gap laver with the bortom 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 sidgwalls optimizes the minimizing of sidewriting berween the
: éole tups. |
Clearly, ofher embodiments and m:odirications of this invention will occur readily to
20 those ordinarily skilled in the art of these zc:chings. Theretore. this invéntion 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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Fig.. 6 is an ABS view taken al ong plane VI-VI of Fig.-5. Fi 70
S
a side illustration of another enbodi ment of the present thi n fmgr@rged

MR head. Fig. 8 is an ABS view of the head t aken
along plane VIII-VIII. Figs. 9 through 12 a”mwmumm mHi',ati ng
sidewiting by a rrerged MR head nade. C \q ng to the ¥ nvent os. *

Fig. 13 is an ABS view of a prior art?ﬁd&#

ABS view of a-prior art thlnfllmnerged I\/Rh\e/gdhead Flg.- 14 1s an.
' WE CLAIM:

1 . L A merged MR head comprising:

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

3. the pole piece P1 having bottom and top pole tip elements PTla and PTI1b aﬁd the

4 pole piece P2 having a pole tip element .PTZ;

5 an MR read head which has a second shield layer S2, the second shield layer S2

6 comprising the bottofn pole piece and its péle tip element PTla;

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

8 S2;

9 . + eachofthe pole tm elements PT1b and PT2 having first and second sidewalls. the first
10 sidewall of each of the pole tip elements PT1b and PTZ commonly lymg in a first \emcal.
11 plane and the second sidewall of each of the pole tip elements PT1b and PT2 commonly lying
12 in a second vertical plane; and’ |
15 the first and second verti_cai pianes being spaced from one anot'her at an air bearing
14 surface (ABS) by a distance w representing a write head track width.

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

2 the drive including:

3 2 housing:

4 ' —eans mounted in the housing for rotating a magnetic disk; and

-27-
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Fig. 15 is a side view of the prior art thin f|Im shown in
Fig. 14. Fi g. 16|saschemat|C|IIustr Wlarylon
beam chamber . Fig. 17 is an ABS view 'of I on

mlling at an angle to the sidewalls of the p0|etlp PT2. Fig. 18
Is the sane as Fig. 17 except it _is at the_end of the ion milling step,
whi ¢h has not cheURHeS.: PIEIuEiNg agiider BORREIM tscinusing| foh HPOFNg ‘lthﬂéFf"‘-‘—ﬂ MR
Fig. 19 is the sane as Fig. 18 except the ion nilling is at an increased

anglg t o t hReadSihGey@istsciny reldmenﬂﬁ);b evithi resgettot dmabremic digk when thedegmmstit disk iof
debris during the cutting

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

pole tip element PTla..

W

1 4, A merged MR head as claimed in claim | including:

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

[ L8]

(WD)

having first and second sidewails. the first sidewall of the gap layer G being located in the

4 first vertical plane and the second sidewall of the gap laver G being located in the second
5 vertical pIane.
1 3. A merged MR head as claimed in claim 1 including:

19

the pole tip element PT2 being a single layer.

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

9

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

w)

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

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

.28-
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) .
operation in Figs. /17 and 18. Fig. 20 is simlar to Fig. 17 except
the ion beam for cutting and the ion beamfor clean ﬂ“\ﬁmﬁ'ﬁ“‘

si mul t aneousl y rat her than sequent ially, as shown in HMH““

processes.

Fig. 21 is the sane as F| g. 20 except the notching has been corrpl et ed to
fortnt he the MR read head inciuding:

(VS )

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

R first and 'sécond gap layer-.Gl and G2 sandwiched beiween the rirst and second
5 | shield layers S1 and S2; and |
6 _ an MR element sandwiched between the first and second gap layers Gl aﬁd.
7 G2.
1 8. A merged MR head as claimed in claim 1 includiﬁg:
2 .

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

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

(@8]

the length of the gap G at the ABS being g; and

a2

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

o—y

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

Q)

(%)

pole tip element PT1a.

1 11" A magnetic disk drive including the merged MR head as claimed in claim 10.

19

the drive including:

L

a housing;

4 means mounted in the housing tor rotating a magnetic disk; and
_ -29-
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ped.estal pole tip PTIDb 22 is simlar to Fig. 17 except a

single ion beam of a greater mllllml Iltﬁu for both cutting and cl ean
up. ) Fig. 23 1is S|mla pt the cutting and clean up
I(gper at2|40n has bﬁen conpl et ed to formt e pedestal pole tip PTl b.

I 0. Is a schematic .t | anar, illustration.of .the step f.or formn e
pol & tip PT2 Watqqpmtm@ﬁqh%g.a&ém [pgounted in e’ 10y5ing ?OZSSUP °’§H2A‘§‘s“\7r¥§v MR

t hrough the structure in Fig. 24 with the photoresist_ frame

6 head in a transducing relationship with respect to a magnetic disk when the magnetic disk is
7 - rotated by the means for rotating.

1 12. . A merged MR head as claimed in claim 10 including:
2

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

LI

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

4 first vertical plane and the second sidewall of .thé gap layer G being located in the second
5 vertical plane.

1 1. A_ merged MR head as claimed in claim 12 including: ‘

2 the MR read head including:

3 ‘a first shield laver S1 in addition to said second shield layer 52:_

4 ' first and second gap layer G1 and G2 sandwiched between the first land second
5 shield layers S1 and S2: and

6 : an MR element sandwiched betwgen the first and second. gap layers G1 and
7 G2. |

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

(8]

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

(3]

the length of the pole tip element at the ABS being substantially 2.0g.
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remsved. Fi g. 26isato V\nththetop poi e piece P2
masked | eaving the pole tip ﬁtﬁ %\ﬂ Fig. 27 is an ABS view
of the structure illustrated a resist window or opening

about the pole tip PT2 so that “one of nore |on beams can be directed at an
angle therein. < Fi 28 is the resultlng pole tip structure after

i onl beam ni | |i ngSat anmsrgsAeMRohepd @s cliimedap Figr f“tlﬁ@l'-é‘(ﬂge tip PT2 thus
form ng the pedestal pole tip PTlb.

2 the pole tip element PT2 being a single layer.
1 i6. A merged MR head as claimed in claim 14 including:
2 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.

(V3]

1 17. A merged MR head comprising:

1~

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

(V3]

the pole piece P1 having bottom and top poie tip elements PT1a and PT1b and the

4 pole piece P2 having a pole tip element PT2. the pole tip element PT1a having a width w:hi'ch
5 is wider than the width of the pole tip element PT1b:

6 an MR Iread head which has a second shield layei' S2, the second shield layer 52
7 “comprising the bottom pple piece including its f)ole tip element PTla;

8 the pole tip element PT1b 'being a pedestal with respect to the second shield layer S2:
9 the pole tip element P'.I'.l.b having a top tilm surface. first and second sidewalls and
10 a front wall, the front wall forfning a part of an air bearing surface (ABS) and the top tilm
11' éurface being bounded by the front wail and the first and second sidewalls:
12 the pole tip element PT2 having 10p and bortom film surfaces. a front wall and first
13 . and second sidewalls, the front wall t'c--rm.mg a part of the ABS and the top and bottom film
14 surtaces. beiﬁg'bounded by the front waii and the first and second sidewalls;

231-
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Figs. 29 through 33 are sinmi I ar t M“ ugh 28. respectively.
Fig. 34 is simlar to Fig. 33. N‘ﬂ l F ‘layers PTlc and PT2b are
deposited to obtain different Isnt an the remai nder of the pole

tips further away fromthe gap G DESCRI PTI ON OF THE

PRE[FRRED EMBCD Q/gap ?éver G sandwxcuea between 'ne top il surface ot the poie tip element PT1b

16 and the bottom film surface of the pole tip element PT2, the gap layer G having top and
1-7. _ bottom film surfaces and a front wall. the front wail forming a part of the ABS and the top
18 and bowtom film surfaces being bounded by the front wall and the first and second sidewalls;
19 | the first sidewall of the each of the pole tip element PT1b. the gap layer G and thé
20 pole tip element PT2 lying contiguously in a first vertical plane and the sef:ond sidewall of
21 ea<.:h of the pole element PT1b. the gap layer G and the pole tip element PT2 lying
22 contigﬁously in a second vertical plane: and |

23 each of the first and second vertical planes being p’e;pendicular t(.) the ABS and spac;ed
24 - from one another at the ABS by a distance w which is the track width of the write head.

1 18 A merged MR head as claimed in ciaim 17 including:

88

each of the pole tip'elements PTla and PT1b being a separate.maqnet'ic layer;

(98 ]

the pole t1p element PT2 compnsme a top pole tip element PT2a and a bottom pole

4 tip eiement PT’b and"

5 the material of the poie tip elements PT1b and PT2b having a higher moment of
6 saturation than the material of the pole tip elements PTla and PT2a.

i 19. A merged MR head as claimed in claim 17 including:

tJ

the length of the gap G at the ABS being g; and

[VP]

the length of the pole tip element PT1b at the ABS being substantially 2.0g.
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Reférrl ng now to the draw ngs wherein | |m\€\“ erence nunmer al s desi gnate

- l'tke or simlar parts throug umm views there is illustrated
in Fig. 1 a magnetic disk dr| udes a'rotating nagnetic disk

42. The disk 42 is rotated by & nbtof 44 WhICh . 1S responsive to control
signals froma did ve urce (not shown). Wen the disk 42 is .
rotated. a thin 'fdl | m rgreq{r?%rrg‘s Ngeﬂé%" SEAUMFG iAo kY inclydingsr 48, is
supported aboveb[g surface of the magnetic disk 42 by a thin layer of air
cal I'ed an "air b8alHgY g ofike gep Gepinginatte 48ngenafl Qitigan am ONRumead head 50

and a wite head 52. The bottom surfaces of the slider 48 and the nerged
head 46 are in the plane of an air bearing surface (ABS) 54 of the slider.

1 2L A merged MR head as claimed in claim ZOlincluding:

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

(VS ]

el_ement PTla.

1 22, A merged MR head as claimed in claim 21 including:

38

the MR read head including:

a first shield lavef S1 in addition td said second shield layer S2:

(V3]

4 - ' first and second gap laxers G1 and G7 sandmched bemeen the first and
5 second shield lavers S1 and S" and

6 | an MR element sandwiched between the first and. second gap la_vefs G1 and.
7 G2. |

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

[ 2]

the drive including:

. a housing;

(V9]

4 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

thn

6 head in 2 transducing relationship with respect to a magnetic disk when the magnetic disk is
7 rotated by the means for rotating.
: - -33-
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The "ABS 54 is spaced fromthe surface of the magnetic disk 42 by a di stance

d which is the flying height of uead 46 when the nmagnetic
disk is rotating. The slider 48(““““(“['“%““@“ a head suspensi on assenbly
56 which includes neans for conducticngt r®adi w*ite signals between drive

el ectronics 58 and the head. The above conponents of the drive are nounted
within a drive housing 59. - Pol e t|p el ements of the wite head 52
are schemati cal Iy il ustratcﬁgﬂﬁg 60 i 2 in an_operating relationship
witH a track 62 oF a AJREEF gafkts a’éﬂ in qlaim, 2% BS's representing

I nformati on recorded on the track by the wrlte head are schematically

i1l Bstrated the pole tip element PT2 comprising pole tip elements PT2a and PT2b. each of the

(V3]

pole tip elements PT2a and PT2b being a separate layer.

1 _ 25. A merged MR head comprising:

38}

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

having first and second sidewalls;

(W]

4 an MR read head including a second shield layer S2. the second shield layer S2

5 comprising the pole tip element PT1a;

6 _ - the pele tip element PT1b being a pedestal with respect fo the .second shielci layer’S2; -
-7 the first sidewall of each of the pole tip elements PT1b and PT2 teing ahgned in a

8 first vertical plane and the second sidewall of each of the pole tip elements PT1b and PT2b

9 being aligned in a second vertical pl'ane: and

10 the first and second vertical planes beieg spaced from one anofher at the ABS by a

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

1 26. A merged MR head as claimed in claim 25 including:

88

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

pole tip element PT1a; and

L

4 o the pole tip element PT2 being a single layer.
-34-
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at 64. The nunber of these fl inch length of the track is a
measure of the |linear or bi tmﬁﬁmﬁ ‘Nﬁa“‘ead head. \Wen the |ength of
the wite head gap is reduced? L DI ensity is increased. Another

i nportant measure is the TPl of the wite head 60 The narrO\r/]ver thg vvldthf
of the wite head s pole tip elements. the greater the TPI. The product o

the 'bit densi tyagnd T“fQImﬁSEW&\’ﬁ%gea@h@ HpiEwa 1gipim 36 bludig:wr i t e head. This

i s a neasure of

2 the length of the gap G at the ABS being g;
3 + the length g of the gap G being in the range of 0.1 um to 0.7 um: and
4 . - the length of the pole tip element PT1b at the ABS being in the range of 0.5g to 3.0g.
1 : 28. A method of making a _mergec_i MR head which has a top and a bottom. thé top
2 " and bottom of the merged MR head being bounded in part by an air bearing surface (ABS),

L)

the method comprising the steps of:

4 | depositing at least one magnetic laver to form a second shield layer S2 of an MR head
5 and a bottom pole piece P1 which extends f_rom an air bearing surface (ABS) to and including
6 a back gap, the bottom pole piece P1 having an undefméd' pole tip portion which exte;xds
7 between the ABS and a zero throat level:
8 | _ depositing another magnetic laver to form a top poie piece P2 above the bottom pole
9 piece P1 from the ABS to and including the back gap, the top pole piece P2 being formed
10 \ﬁth a defined pole tip element PT2 which extends between the ABS a;nd the zero throat 1evel
Il and which has first and second-vert'icai sidewalls: and
12 directing at least one ion beam at the undefined pole tip' portion or the bottom pole |
13 piece P1 at an angle @ to the sidewgl.ls of the defined pole tip element PTZ. using the defined
14 pole tip element PT2 as a mask. to verticaily notch the bottom .pole piece P1 on each side of

—
W

the pole tip element PT2 to form the bottom pole piece P1 into pole tip elements PT1a and

¢ PT1b. the pole tip element PT1b being a pedestal with respect to bottom pole piece P1 and
'. | | -35-
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-12~"how much i nf ormati on can be nit area of the magnetic
di sk. - Fig. 3 illustrates 3/] E!‘( ﬁ” " ged MR head 46 show ng
the MR read head 50 and the wit ged MR head 46 is

nounted on the slider 48. As shown in Fig. 3. the read head 50
|nc des a net.oresj stiv emen hed between first
i P acond Bane bRt adl dhontySruea Seutlls S e Eigned ik B gtk And Sevabh ool

bet ween first and second shield |ayers S1 and S2. In a nerged MR head the
secthd shi esidewallsenespgetivaly ofi gher polel tipedem&0 Bll250 serves as the bottom pol e

piece Pl for the: wite head 52 as will be explained in nore detail
her ei nafter. : S

1 .29. A method as claimed in claim 28 including:

I

before the step of directing at least one ion beam at the undefined poie tip portion of

(WX

the bottom pole piece P1, depositing a phbtoresist mask on top of the top pole piece P2:

4 providing an opening in the photoresist mask which exposes the dafined pole tip
b element PT2 and an area on each 51de thereof so that the defined pole tip eiement PT2 can
6 act as a mask for the step of directing at least one ion beam at the undefined pole tip portion
7 of the bottom pole piece P1.

I 30. A method as claimed in claim 28 including:

2

before 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 bottom

L)

4 pole piece Pl:
5 the step or directing at least one ion beam inciudiﬁg directing the ion beam at the gap
6 layer G before directing the ion beam at the undefined pole tip portion or the bottom pq‘le
7 piece Pl: and.
8 - the step of directing at le_:asf ore 'on beam providing the gap laver G with first and
9 secona vertical sidewalls which are ailiznzd with respective first and second vertical sidewalls
10 of the pole tip elements PT1b and PT2.

: © =36~ |
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As shown in Fig. 5..the wite he tip region which is

| ocated between the air beari ngimmu@gnmlm‘ﬁnd a zero throat |evel and
a yoke or back regi on which ext c sonrthe zero throat |evel to and
i ncluding a back gap. The wite head 52 includes a bottom pole piece P1
~and a top pole pLece P2. The bottom pol.e pigce Pl conprises the second
shidl d layer S2 oF thé ’F%‘Q?f?ﬂ%&@l%?ﬂ PfE%l‘éWPBgll%c_%ql%e P1 and P2 al so has a
back |ayer portion which is |ocated in the back region. the back |ayer
portd ons of the pefbe the step of Hepasipingrsagirempbiheamagnetizriapert depoaitinglacgapdayer Gagn
(BG . The bottom pole piece P1 includes a pole tip structure whichis -
locaf ed in {dpeofaldeattiéddt 6:ROMABNIRINRL Mo kheerARSuRRMinkEd PokaiPpdiibAT thehRtom

4 pole piece Pl;

5 | the step of depositing the gap layver G p.rb\-jiding the gap layer with a thickness g in
6 the range of 0.1 ym to 0.7 pm. at the ABS: and

7 . the léngth of the pole tip element Rle at the ABS being substantially 2.0g.

1 - 32. A method as claimed in claim 28 including:

2

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

(S ]

a single angle 6.

-1 33. A method asclairrieﬁ in claim 28 inciuding:

.2 the step of direcﬁng at least one ion.beam comprising directing first and second ion
_3 beams:
4 _ the first ion beam being at an angle 6 in the range of 0°<§<60°; and

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

1 34. A method as claimed in claim 33 inc';uding:

2 the first ion beam being at an angle @ in the range of 20°<§<40°..

1 " 35, A method as claimed in claim 34 including;

| -37-
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Thi s pole tip structure include tompole tip element PTla and a top _
pole tip element PTlb. The topzﬂillgmlﬂm M cludes a pole tip structure
which is located in the pole tip% the ABS and the zero

throat level. This pole tip structure incl udes atop pole tip elenent PT2.

The pole tip elegents PTla and.PT1b are .integrally. forned from second
shidd o of theled 108 dRRBDSiFE A Regle @é’efg%ﬁ‘%ﬁ{ﬁha 05 w8l o dota |
hereinafter. A pole gap layer (G is sandw ched between the pole tip
el enents PT1lb anthersegondiondpmebeingaicamangle 6 of substantially 75°.

1 36. A method as claimed in claim 28 inciuding:
2 the step of direciing at least one ion beam reducing fhe thickness of the pole tip l'ayer:
3 PT2; and |
4 _ the step of depositing the pole tip element PT2 including depositing the pole tip layer
5 PT2 with an additional thickness. the additional th.ickﬁess being the reduction of thickness of
6 _thé pole tip element PT2 caused by'the step of directing at least dne ion beam.
1 . 37. A method as claimed in claim 36 inciuding: K
2 before the step of directing' at least one ion be-arn.. depositing a mask over the pole
3 - piece P2 layer berween substantially the zero throat level and the back gap leaving a window
4 in the mask betweep the ABS and the zero throat level to expose the defined pole tip element
5 PT2 and an area on each side thereof. - |
1 38. A method as claimed in claim 37 inciuding:
2 . the step directing at least one ion beam éonsisting of directing a single ion beam af
3 a single angle 6: and |
4 . the angle 8 being-in the range ot 0°<<60°.
1 39. A method as claimed in claim 37 including:
. . -38-
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-13 (gap | ength) of this Iayer errfmwhich will optimze the
| inear density of the wite. i |ﬂ ficing its flux intensity.
However. acceptabl e gap Iength [err]mto 0.7 [err]m The

gap layer G may extend to the back gap BG or alternatively nmay -termnate

h h o t |nslat|onla er deposited
on Fop of the g 1sh 8F dicestine ot leastopd [ bdelEHorBlriae 1 rgmg#@asbm SRRy

On Eop Of. tbggrn];;l rst insulation I ayer |, there is dep05| ted a
4 the first ion beam being at an angle 6 in the range of 20°<0<40°; and
5 _ the second ion beam being at an angle 6 in the range of 65°<4<85°.
1 40. A method as claimed in qlaim 39 inciuding:
2 the ﬁrgt ion beam being at an angle 6 of sub@tially 50°; and

I

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

1 41, A method as claimed in claim 40 including: |
2 before the step of dep_o-s.iting said another magn_etié layer. depo§itmg a gap layer G'on
. 3 top of said at least one magn.et_ic_.layer 0 cover the uncieﬁned pole tip portion of the bortom:
4 | pole piece Pl:
5 _ the step of depositing the gap layer G providing a'la)fer thickness that provides the gap
6 G with a length g at the ABS: and |
7 | the length of the pole tip element PT1b at the ABS being substantially 2.0g.
1 42. A method as claimed in claim 4.1 inciuding:
2 thé tirst and second ion 5eams being directed simultaneously.
1 = 43. A method as claimed in claim 41 inclﬁding:
, .

the tirst and second ion beams being directed sequentially.
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coil’ed conductor layer 70 by any—suitable nethod such as photoresist frame
plating. On top of the coiled conductor |ayer 70 there are deposited
second and third insulation | ayerﬁmﬂlmmuuum“ by any suitabl e neans.
such as photolithography. = - ol i fpad 52 is referred to as
"merged" because the bottom pole piece P1 Mandl its pole tip conprise the
second shield | ayer S2 of the MR read head. as shownd in Figs. 5 and 6. One
feature of a merged head is that a process step in depositing an extra
maghetic | ayer 433 el meHindars. claigigd va claimpd inghugingsi dth of the second

shield | ayer S2 beyond the sides of the gap G as illustrated in Fig. 6.
cau8es flux to ehe steplof divextidg ahzasenerich béuneimdiddinyeplaGig the botom pole piece Pl

3 with the layers deposited thereon in an ion beam milling chamber and rotating the bottom
4 pole piece P1 and the layers deposited thereon at a constant rpm while directing the ion beam
5 at the bottom pole piece Pl and the layers deposited thereon.

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

2 the step of depdsiting the gap layer G including providing the gap laver G with a

(W3}

length g in a range of 0.1 pm t0 0.7 pm;

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

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

9 | the step of directing at least one ion beam reducing the thicl;ness of the pole tip
10 element PT2 approximately 2 pzm.
1 : 46. A method of making a merged MR head which includes an MR read head and
2 a write head, the MR read head including first and second shield lavers S1 and S2. first and
3 second gap lé.yers G1 and G2 sandwiched between the first and second shield layers S1 and
4 S2 and an MR element sandwiched between the first and second gap layers GI and G2, and

. .40-
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beyond the width of the pole ti Is side-fringing" flux
causes ‘sidewiting. which can ﬁ'gﬂi@ﬂﬂﬁﬂﬁ Itﬂﬂ performance. This problem
has been overcone by notching I | ayer S2 at 78 and 79 on

each side of the gap G so as to provide the second shield layer S2 with a

pedest al ch farns e el ement P Be st al oI e ti.

bl eront. Pr1i5e il e dnfliife poflaf SR BRelt BirerPany 0 RERR e finrad ai
PTla. The Eol e t| p el ements PTla and PT1lb are forward extensions of the
bot tfom pol e ugbace i B to @pdiclusiiag 2 hecksgano the bwost pole pyese Péxomprising the h
of the s_econd Shl eld layer S2 is sufficient to effectively shield the MR
el enent of gdeend sikdldniavet SX).thel borsomvipdiehpie@nP béiaving tpote p dixments PT1a and PT1b

8 which extend between the AB'S and a zero throat level and the top pole piece P2 having a
.9. pole tip element PT2 ivhich. extends between_the ABS and the zero throat level, the pole tip
10 element PT1b being a pedestal with respect to the second shield layer S2, the bottom pole P1 |
I and the pole tip element PTla: the second shield layer S2 comprising the pole tip elements
12 PTlaand PTIE, a gap layer G sandwiched between the pole tip elemems. PT1b and PT2, and
13 each of the pole tip element PT2. the gap layer G and the pole tip element PT1b havfng first
14 and second vertical sidewalls, the first vertical sidewalls of the pole tip element PT2, the gaﬁ
15 layer G and the pole tip element PT1b lying cqntig_uously in a first vertical plane and ‘the
16 seﬁond vertical sidewalls of the 'pole.tip element PT2, the gap laver. G and the pole tip
17 ~ elememt PT1b lvmq contiguously in a second vertical plane the first and second vertical
18 - planes being perpendlcular to the ABS and spaced from one another at the ABS by a distance

19 w 10 define the track width of the merged MR head. the method of making comprising:
20 | depositing a first magnetic layer irom the ABS to and including the back gap to form:
21 . | | (D thé second shield laver 52 of the MR read head and |
22. | (2)_ the bottom pble P! with an undefined pole tip portion between the ABS
23 and the zero throat level and a back r.riion between the zero throat level and the back gap;
24 depositing the gap layer G on rup of the nrst magnetic layer from the ABS to the zero
25 throat level,
_4'1._
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50 [err]m in. conparison to a w or the wdth of the pole
trp elenments. It should be note ! ﬁll IT | ng 78 and 79 of the second
shield | ayer S2 provides the ped «element PTIb with first and

second vertical sidewails 80 ang 82. Sinilarl y, the gap layer G has first
and ,gecond verti cal,.Skde : - | p..el.e T 5 9p- of
t he :%gap | ayer G*ﬁggﬁ*ﬁ:\éﬂeé@f @8%“6&2188‘8%?&‘%&%0??85%3 La?@%@aﬁlgu ét’)&%équgt

first sidewalls 80, 84. and ) . - ) -
27 magnetic layer to form the top pole piece P2 with a defined pole tip element PT2 which has

28 first and second vertical sidev@‘&lls; and
29 | dirégting at least one ion beam art the first magnetic layer in an area of the undefined
30 pole tip portion of the bottom pole Pl ina direc_tion which is substantially parallel to thé ABS
31 and at an aﬁgle @ to the first and seéond vertical sidewalls of the pole tip element PT2 using
32 the pole tip element PT2 as a mask to notch the first magnetic layer on each side of the pole
.33 | tip element PT2. the notc_hes. leaving the first magnetic layer with a vertical pedestal. the
34 vertical pedestal being the pole tip element PT1b and providing the péle tip element PT1b
35 inth first and second vertical sidewalls. and the magnetic layer, less the pedestal. between the
36 ABS and the zero throat level comprising the poie tip element PTla. the first vertical
37 sidewalls of the pole tip elements PT1b and ISTZ Eeing aligned in a first vertical plane and
.38 | the second sidewalls of the -pél_e tips PT1b and PT2 being aligned in a second vertical plane,
39 the first and second vertical plari_es being perpendiculér to the ABS and spaced from one
0 another at the ABS to define the frack width w of the merged MR hea&. |
1 47. A method as claimed in claim 46 inciuding:

t9

the step of directing at least one ion beam inciuding directing the ion beam at the gap

laver G before directing the ion beam at the undefined po[e tip portion: and

L)

4 :he step of directing at least one ion beam providing the gap laver G with first and
5 sécond veﬁical sidewalls which are aligned with respective first and second vertical sidewalls
6 of the pole tip elements PT1b and PT2.
-42-
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88 of the pole tip elements PTlb, the gap G—and the pole tip elenments PT2.
respectively lie contlguousl y |n “a first vertical plane 100 and the
second vertical walls 82. 86. m‘nﬁum:“)m‘l guously in a second vertical
"pl ane 102. As shown in Fig. 6 anes 100 and 102 are equally
spaced from one anot her at the*ABS tb frm the track width w of the wite
head 52. The first and second vertical planes 100 and 102 are al so
perpendicul ar to the ABS. The first and second vertical planes 100 and 102
are lpreferably etfual |4 mgthedas elrimedHa olaim 46 insludites ABS to the zero throat

| evel . However. they could diverge fromthe ABS.if desired. The vertical

align (rjrent s of t hite stepedalitestiyf ondionibeb® donipridif@irdcting Firktvnd debsid RACbeams:
secon

3 - the first ion beam being at an angle § in the range of 20°<§<40°: and

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

1 49. A method as claimed in claim 48 inciuding:

2 the step of directing the first and second ion beams reducing the thickness of the pole

(VS )

tip element PT2; and

4 the step of depositing the magnetic laver to form the pole tip element PT2 including
5 depositing the pole tip element PT2 with an additional thickness. the additional thiciméss
_ .6 | . being the ;eduction of thickness of ;ché pole tip'eiement PTi caused by the step of directing
7 at least one ion beam:; and
8 before the step of directing the first and second ion beams. depositing a mask over the
9 top pole piece P2 substantially between thé. zero throat level ‘and the back gap leaving a
10 window in the mask between the ABS and the zero throat level to expose the defined pole
11 tip element PT2 and an area on each side thereof.
1 50, A method as claimed in claim 49 including:
2. the step of depositing the gap laver G providing a layer thickness that provides the gap
3 G with a length g at the ABS: and
4 the length of the pole tip element PT1b at the AB'S.b'eing in the fange of 0.5g to 3.0g.

43~
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vertical planes 100.and 102 are*UPDLLMC}Qb@ nation with the pedestal
pole tip PT Ib to minimze sidewiting cause y the large lateral width

of the second shield |layer S2. Iﬂﬂwm f this pedestal pole tip
PTIb is described in the next p mmmnﬂm It has been discovered
that the |l ength of the pedestal 6QI & t4 p %l enerl PTlb can be nuch | ess

t han previously thought possible. The inventors Pave det e(rjm' nefl thfa O-{:)FI mum
notching depth of the secqgnd shield_ |ayer S2 to forma pedestal pole tip
el entntgP-Tlpb wi th  al &031%‘4‘%W§MF?CWIB§.O igcludingugh 12 show the results

of that analysis. The following apply to each of the Figs. 9 through 12:
(1) 2n plane si deherfiskionrbeam being dt arf amglé 6tof @pproximately 30°; and

3 the second ion beam being at an angle 6 of approximately 75°.
1 2. A method as claimed in claim 51 including:
2 the step of depositing the gap layer G including depositing a gap laver G with a

W)

thickness g in the range of 0.1 ym-to 0.7 um:

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

5 | element PT2 with a layer thickness of approximately 7 um;
6 - the step of directing the first and second ion beams incluciing notching the first -
7 _ magﬁetic layér with a depth w;hich is app'roximately- 0.7 pm deep thereby providing thé
8 pedestal with a height of approximately 0.7 um; and
9 the step of directing the ﬁrét and second ion beams reducing the layer thickness of the |
10 pole tip element PT2 approximately 2 um. |
1 33. A method as claimed in claim 52 including:
2 .

the step of directing the first and second ion beams including placing the first

(U8

magnetic layer with the layers deposited thereon in an ion beam milling chamber and rotating

4 the tirst magnetic layer and the layers deposited thereon at a constant rpm while directing the

W

- ion beam at the first magnetic layer and the layers deposited thereon.

-3
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pi eceé (P1l) notched wite head is shown: (2) normalized head field is
pl'otted versus off-track

-15- position in [err]m (3) the .ef fective fri nge fiel d“"alummmmuﬂ”mu of
the normalized head ‘anplitude since nost ‘heads are designe#l a oundsa *

maxijmum wite field of ReRod LiBRirh ercivity; (4) the
offtrack pasition is rneasu?e(l{?f{?rongnizljmgél%/l '?du[? ie gap G along the gap's
| at I terl 5 t 4 6) the fl h ht
01? ?{12 hggg er 'Tﬂ. firke Qnd secortd 1on bea.rgs %ellng dcl)rectegiesuﬁl].lntgnec()us) ly. ¢ flying heig

1 55. A method as claimed in 33 including:
2 the first and second ion beams being directed sequentially.
Thf sllslliielltliliilrm Reﬂ

| -43-
SA9-92-069 -



abov.e the rotating disk is 0.075 [err]m (7) the dotted line entitled
"maxinunt' is the sidetrack wite field with no notching and therefore no
pedestal pole tip element PTIb so that the gap layer Glies directly on
the second shield layer S2 (see Flg 14); (8) the dotted line entitled

of infinite | engt n HhAIEY Micrnibh A, AR ALIGRES robe il ™

“maxi mund and "mninunt lines is the result of the analysis. In Fig. 9 the
| ength of the pedestal pole tip element PT 1b. shown in Fig. 5 is three
times the length of the gap, or 1.2 [err]m It can be seen at 0.4 of the

normal i zed head field that tABSTRISCTADK 'F’FIE'[MSULGG)SURE very close to the
m ni nrum sidetrack wite field of a

A merged MR head is provided whlch has vertically aligned sidewalls so as to
minimize side-fringing and improve off-track performénce. The bottom pole piece P1. which

comprises the second shield lailer S2 of the read head. has a pedestal pole tip with a short

(VB

length dimension. A pedestal pole tip with a length as short as two times the length of the
gap layer G optimally minimizes the sidewﬂ;iﬁg and improves off-track performance. The
bottom pole tip structure of thg write head is constructed by ion beam miiling using the top
pole tip structure as a mask. The ion beam milling is directéd at an angie to .the sidewalls
10 of the. top pole tip structure \y"hic_h causes the bo'nqm pole tip structure to be milled.w'-ith
| sidewalls wh.ich align with the tob pole tip structuré. The ion bearh milling can comprise two
angled beams, either sequentially or simultaneously, the first beam performing primarily a
cutting_ operation and some clean up work while the second beam primariiy conducts clean
up work of the redeposition of the debris caused by the-cutting. In another embodiment. a

15 single angled ion beam can be employed. provided its angle is within a particular range.
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pedestal pole tip element PTIb of infinite length. In Fig. 10. the length

of the pedestal pole tip PTIb is two tines the length of the gap, or 0.8

[err]m The result at 0.4 nornmalized head~'fietdA-s still very close to the -

m ni mum sidetrack wite field of the pBPe32r P& ement of infinite Iength.

In Fig. 11. the length - of the pedestal pole-tip PFHb—+s—onetimes the '
| ength of the gap. or 0.4 [err]m which has a per,

or, i ded Still
closer to the infinite pole tip represented by t . shadl e B asehed line
than it is to the absence of the pole tip representH' gl““ m Xi. munt'

dashed line. Fig. 1; illustrates that even wwth a 0O hi ng of
the second shield | S2. a pedesal pole tip PTIb of a length.0-4
[err] m makes a considerab| e )

| {

T T ]

'[ 46 56 :
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{ 54 \r% ; SIGNALS
50 ~—48 | | l -
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I nprovenent in off-track performance of the wite head ov iséher-iaiﬁ‘eehR ced
whi ch has no pedestal at all. In Fig. 12, the I ength of e
tip PTIb is 0.5 tines the | ength ofM- !'- RRUUND T Au ﬁﬁlmmmi\m\‘\ \
-16- the gap, or 0.2 [err]m Even vvithségo‘.gi‘_[oé’rqr] m | engt h. a
pole tip PT | b provides a 40% i nprovenent over having no pedestal at all - -
at the 0.4 normalized head field.
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The aforenentioned anal ysis denonstrates that the l.ength of the pedestal ——
pole tip PTlb " can be very short and still acconplish significant

i mprovenent in off-track performance. -Anvaceeptatt e rangef:Odnedt MasBeere

is 0.5t0 3.0 the gap length with _tmostﬁigrf‘e%z‘t@% gap Iength’nj;lpg TA
-preferred or optimum | ength of the pedestal pole tip PTIb. I\W

understood that the length of the gap may be different than .4 Jerrlm
denonstrated. The length of the gap can range all -the way fromO.1 [err]m
to 0.7 [err]mfor acceptable performance. The nofching or |length of the

pedestal pole tip PTIb would ac%rdi ngly be ®o0 3.0 tinmes the designed
gap length. O considerable sighihi cance i s”that the pedestal elenent PTIDb
can be forned in _ 0 - I /13 '

/R R
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P—

t he second shield [ ayer S2 of the read head 50 wi thout aI_Te‘ri\_ng\fﬁE\\

performance of the layer S2 in shielding the MR el emenfhis Lﬁ&g&ﬂﬁ% hi el d

layer S2 is typically 7 to 8 [err]m thigckAmks @ not chi ng |y

1 [errlmwll not affect its performance.” However if de M?’ cond
oW

shield layer S2 can be deposited with a greater thickpess so W
for the notching 78 and 79. The inportant thing is that the notching saves

- a step in depositing a separate |ayer for the pedestal pole tip PTlb. = .
However. it shoul'd be understood that a separate |ayer could be deposited
on top of the second shield |layer S2-3nd then appropriately notched to
provi de a pedestal pole tip el enent 1b which is of dbfferent material
than the 110 112 / |
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second shield layer S2. This may be desired where the pe §§@&
PTlb is of a different material

I nstance.

t he pedestal

of saturation material.
of fl.ux whereas the second shield layer S2 may be constructed of a |ower .

-17-
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nmonment of saturation material. such as Permalloy. The c
pedestal pole tip PTlb of a different material than the
| ayer S2 is discussed in nore detaify- ‘h@ﬂﬂjﬁﬁter” ort

| ength of "'the pedestal pole tip PTlb i 3A3R° rnﬁBrtant di scovery, it is also:
I nportant that the sidewalls of the pole tip elements PTlb and PT2b be

Fro 6 '%J%ﬁ%bl&“ﬁ@é%?ﬂ@% W?ﬁ”%@ﬂ?t & tﬁe%ihﬁéfﬁs‘eaﬁsfﬂémﬁws
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A conparison of the performance of the nerged MR head 46 Q]‘_,EJ_Q-S——W
can now be conpared with the prior art nerged MR head of Fi gs. laced
In the prior art nmerged MR head. tvhe:pekeuvivbp el eoent PT2

of the second shield layer S2 with a $4p-#2t+0e? ebet ween. M

| ayer S2 serves as the bottompole piece P1L and at its for

the pole tip elenent PT1. The only elenent separating the pole tip el errent
PT2 fromthe second shield layer S2[Ts bh-% gapl | ayer G -Because of the

large lateral width of the S2 | ayer . i son to the width of the pole
tip element PT2. a substantial si ' extends fromthe pole
tip elenment PT2 beyond its width t

[ uc [
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second shield layer S2. This results in substantial sidewiting and poor
of f-track performance—=Pesitably, the flux would transit between the pole

tip elenent PT2 and hﬁee shietd: layer-S2. aecting as a pole tip -
el ement PT 1. Thigpheehas the pl aneornedf Py the sidewalls of the Dole
tip el ement PTZE u \m\ mesi red performance that the nerged MR head of
Figs. 5 and 6 . o _ o
- 18- ' _ :
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verti cal {pis shadt Has Beehn ver. the prior art constructi on of the inductive
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will cause sonme undesirable sidewiting. Further. the ion mlling of both
pol e tipﬁ-g£§h4et Rediited €rr]m takes a Iong tinme. Figs. 7 and. 8
i1l ustrat i ment of the presgpt khvention which is slightly
mdifiedfm‘ﬁiﬂ ment illustrated in Iflgs 5 and 6. In the

enbodi rrent d 8 the top pole piece P2 is constructed of top

and bottom magnetic layers 110 and 112 which have forward extensions
formng .pole tip elenents PT2a and PT2b. respectively. The pole

_ REMOVE
PHOTORESIST PHOTORESIST
FRAME CRAME
( FRAME = PT2aq
y— | 115\?“"} \ T 120
' ' «’; D2 } ’ | D;)
P2 P2 P | coer
o ) FiELD | FIELD
FIELD | FIELD ? | R
N P2 N ] N
- \\‘(2 LAYERS) < g 112 PT2p 118
\ // ! P1/S2
; ( L :
| \i/‘PTZG AND -~ FIG. 30

—————

_ | PT25
|

FIG. 29

|
I
|
|
|
I
[
|
!

, .
RESIST | i RESIST
: ~~--P2 | ZERO
:‘ : mROAT
N\ //' LZVEL
I — /
LU B ettt
} | <—PT2a
[ ; —— AND
'\Z: um F120
RESIST WinDOw % * _
S NCOW j 140

(NG RESIST) ——

i
J
\




-19- tip elenent PT2b has first and second vertical sidewalls 114 and 116

and th | 4 PT2a has first and second vertical sidewal | s 118
and 20T At le%egdu %g. 8. the firgt, sidewalls 80. 84. 114, and 118 of
t he pede} PTI b. the gap I5§eF‘G; and the poie tip elenents
PT2b and ' ively, liein the first vertical plane 100. and the

second vertical sidewalls 82, 86, 116. and 120 of the pedestal pole tip .
PTIb. the gap layer G and the pole tip elenents PT2b and PT2a.

respectively, lie in the secpnd vert REBISAl ane 102] Wiile the pole tip
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pol e t| p: el enents therebel ow. this is not necessary if the pol ehti p el grrent
PT2b hasia bength of approximately three ti t he ; the gap

This is becgusg the flux transfer at a di stgrrﬁ%l ?(gﬁd%ﬁ:ﬁl engt h becones
sonewhat i Asi gnificant. Accordingly, the Pale tip el errent PT2a can be
provi ded/wiit h” a | PHEN#ILM MERGED MRABEAH WITH A LS eﬁféhp §d than
the wdths of the pole tip elenents PTlb and PT2b. e pole tip elenents
PT2a and PT2b can be constructed in two separate |layers when it is desired
that the pole tip elenent PT2b be of a different material than the pole
tip elenment PT2a. For instance, the pole elenent PT2b nmay be constructed
of a high nonent of saturation material., such as ferric

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
.Iﬁ a magnetic disk drive, data is written and réad by thmﬁlm magnetic transducers
called "heads" which are supported over a surface of the c}_isk 'while it is rotated at a high
| speed. The heads are supported by a thin cushion of au{m "air bearing”) produced by the
.disk’s high rotational speed. °
Thin film magnetic write heads are desirable becauﬁe they provide th areal density
and thin film magnetic read heads are desirable because of their high resoiution. Thin film
magnetic heads are also easy 10 manuracture. With various thin film manut_'acmring
techniques. the heads can be fabricated in bétches on a. cefamic substrate, and then diced into
individual heads.
A thin film write head includes bbnom and top poie plieces P1 and P2. fespecﬁvely,
that are formed from thin films ("layers") of magnetic maierial. The pole pieces have a poie

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

is measured between an air bearing surface ("ABS"), formed by polishing the tips of the pole

' REPLACED SHEETS  SG
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nitride. whereas the pole tip elenment PT2a may be constructed of a | ower
nonent of saturation material. such as Pernall oy. thﬁ‘)h arrangenent .
the pole tip element PT2b can carry a |arge dPai@ni _Lhout--
sat urati on. Wth the nethod of Lﬁhstructlon to be descri bed
her ei naf t efjecdsNgnd™ 968 Rioat K& it t D e MR
head 46 rrale Jg as narrowogs 22? ﬁ ( %iﬂoml éelg)s Q{eréfﬁ‘ét{% gﬁ'ngérlﬁﬁé’cg%q
Am for ‘the wdth of the pri art inductive head illustrated in_Fig. 5. The
width of t 5P PP F‘%n%ﬁf%“ﬁ“foa‘a‘lﬁa RANeIf, rﬁ%imﬂ §3Bn ot dhuBr lli’hé‘aﬁ'ﬂ%!tch

of the pole tip
write head also inciudes a pole 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 portion 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 pieces P1 and P2 of the write
head. Each of the pole pieces Pl- and P2 transitions to a pole tip in the pole tip region. The
pole tip; are separated by a gap (G), which is a thin layer of insulation material. The pole
tip of the top pole piece P2 is the last element to induce flux into a magnetic medium:
therefore. its width is more imponant than the width of the pole tip on the bottom pole piece
P1. However, as will be explained in detail hereinarter, it is important for the pole tips to
have the same width so as to minimize flux leakage therebetween. |

~ In order to increase the amount of data stored per unit of disk surface afea ("areal
density"), a write head must write more data -in narrower tracks on the disk surrace. -
Accordingly, areai density can be improved by decreasing the gap length berween the pole
tips. By decreasing the gap length. the bit density within a track is imﬁroved. The shortness
of the gap length 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 paﬁmetric expression is "tracks per inch" or "TPI"l. The TPI
capability of a write head is increased by decreasing the heagi- dimension which determines

the width of a data track; typically this dimension is called the head "track width".
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- 20- e;izerrents PT1lb and PT2b in Figs. 7 and 8 establishes the track wi dt h of

the wite head portion of the merged MR head. &51 m Iﬂ) seph!g can be
determ ned. which is a factor in producing the areal density-of the wite
head. Figs. 3 and 4 illustrate a mbre conpl ete enbodi ment of “the

wite head wit h-xT?‘MRké%ﬁ?xea&é&hpl@@nfagnétbkgéﬁ{é‘ct\?R)’élEﬁ'xQﬁ’tSWI‘H% Bhdnged fiSisERle

Part of a cover layer 112 has heen broken away

in response to magnetic flux density from a rotating magnetic disk. A sensing current. which
is passed through the magnetoresistive element. varies proportionat_ely to the change in
resistance of the magnetoresistive element. The response of the magnetoresistive element is
based on how weil the resistanqe change of the magnetoresistive element follows the change
in flux density sensed from the magnetic medium. In a disk drive, a differential preamplifier
is connected to the magnetoresistive element for processing readback signals from the read
head. The magnetoresistive element is a thin film layef which is sandwiched between bottom
and top gap (insuiation) layers G1 and G2 which. in tumn. are sandwiched between bottom
and top shield layers 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.

A recent advance in technology has provided 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 bottom pole P1 of the write head. A'merged MR
head has a high capability for either reading or writing. The merged MR head saves
ptocessihg steps over constructing separate read and write heads because the second shieid
layer S2 of the MR read head also serves as the bottom pole P1 for the write head thereby
eliminating a fabrication step. Another advantage of the merged MR head is that the elements
of the read and write heads can be easily aligned on a singie suspension s;ystem for reading
immediately arter writing.

However. present merged MR hea_d structures generate significantly large side-fringing

fields during recording. These fields are caused by flux leakage from the top pole P2 to the



the insulation layers I[err] and I[err] have b@%‘%%ﬂ?@&ﬁcemthnwll of
the coiled conductor layer 70 is shown in Fig. 3. The con gtor 70 extends
around the back gap BG between the top and bwﬁngg QEBi 19ds P2 and PL.
One end of the coil conductor 70 is connectled to a-¥ead 72 at 73 and the
ot her end gaks loh eheCkUHBRE Sl KINRvoRd M thoioh deRREEEY B9, thedideeRfholid £

signal current is trans?n’tted fo the c%lr?ﬁuctor % Vi zﬁtehé elegglggn%?@é@ﬁgm%4.

th id .70 ind I .in the .t nd .bottom pol e pi eces P2 and P1.
This i by i ek SRidth sehisylols Had BPrefts 1L 058 tEpes gedehy giozack: densiy.

ABS. . .
_ Consequently, when a track written by the recording element of a merged MR head is read

by the MR element. the "offuaclé" performance of the MR element is poor. That is. when
the MR element is moved laterally from the center or a track being read. it cannot move far
before interference from the fields of the adjacent track begins to interfere with the fields of
the track being read.

In an inductive head. the sidewalls of the bortom 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 s;hadowing caused by
the top pole tip PT2 during this process; there is some outward taper to the bottom poie tip
PT1. While the asymmetry of this taper results in some undesirable effects. the sidewails of
the pole tips are generally vertically aligned to prevent side-fringing bevond the edges of the
gap between the pole tips.

The present methods for fabricating a merged MR head deposit a gap layer on 1op of -
the second shield layer S2 and then deposit the top poie tip PT2 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 PT2 is kept narrow. in the order of 5 um. so as to limit the width of
written tracks. However, the second shield layef S2 or the MR read head is very wide. in the
order of 50 ym. in order.to shield the MR element in the read head. The disparity between
these widths results in a side-fringe flux field between the pole tip elements wh.ich extends

laterally beyond the width of the top pole tip PT2. This is caused by the width of the second
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Met hod* of Maki ng t he Merged MR Head The nerged NR h d of the
present invention is constructed using a uni quebaﬁogﬁ toMsef known thin
fil mphotolithography and ion beammlling steps ot ol i t hography -

i ncludes depositing magnetic |ayers using z2phot oresi st franme plating
process asieldepbswhich rovides aidrge ldterpechanngi forphetfinelinest framdhe ayglpoR i
process. lon beamnilling is performed in a chanber. Exenplary inner parts

of such a eRa#REPTAr & wbihldYe'ddbiesblé forfthd seco%@ shibRembRivkr B2 SGRich @%@Pﬁ%\’mé

is placed on a turntable 130 and is rotated at a constant rpm

rotation. gRfofpolli eleffin BT ti0e HAwARS whlE Jb ARGEEOWTH ' Sadiouls & £Se-

top pole tip element PT2. However. this is impossible since the second shieid member S2
" has to be wide in order to protect the MR element. This then would appear to prevemt
improvement in the off-track performance problem of the merged MR head.

Onel solution to the side-fringing problem of t_he merged MR head is to construct a
narrow pole tip portion PT1b on top of the second shieid 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 PT1b forming a pedestal on the pole tip element
PTla. The gap layer is then formed on top of the pole tip layt;.r 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 constructedleither of nvé ways: (1) frame plating each of the pole tips
PT1b and PT2 using photoresisf masking techniques or (2) masking the yoke area of the top
pole P2 and ion beam milling through both of the pole tips PT2 and PT1b as well as the gap
layer therebetween. In the frame plating process. it is extremely difficult 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 bﬁilds up on PT2 during the process, causing a shadowing of
the pﬁle tip layer PT1b therebelow. This shadowing, which is also encountered in
constructing the inductive head discussed hereinabove, results in an outward taper

conriguration of the lower pole tip PT1b. Shadowing lateraily extends the lower pole tip, and
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Preferably, these ion beams are argon ions. The primary source ion beam 132 .
i s shown -21- directed

vertically downward and t he secondary sourge iDﬂOi_)éala SEP ]995$h0m directed

at an angle to a vertical. As will be exptarned in nore detail -

her ei naf t eprovide2 imagntticapathifbt sidefririging fieldsr eSenipts Rxvbdeamade BGERERE ghed

by beams which are directed only at sonme angle from a vertical. A shutter

136 i's pi vadbaislatd e véttially Algnshé LABWAS dffhedePbIPRABy AledB BL fonBeamh 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 merged MR head has been solved by the
discovery of two unique steps in the process of manufacturing the merged MR head. The
first discovery is that the length of the pole tip PT1b (pedestal portion with respect to the
S2/PT1a pole tip) can be made shorter than previously thought. The inventors have observed
that a pedestal pole tip PT1b with a length of 0.5 to 2.5 times the length g of the gap G will
significantly reduce side-fringing fields provided the sidewalls of fhe pole tip PT1b are
vertically aligned with the sidewalls of the pole tip element PT2. V ertical alignment has been
accomplished by a second discovery involving two steps. The first step is to frame plate the
pole tip PT2 on topl of the gap layer with a desired width. The ﬂﬁckness of the léyer may
be thicker than the desired final thickness since this thickness will be reduced by the next
process step. For inst#nce. if a final thickness of 3 um. is desired. an additional 2 ym may
be added. giving a total thickness of 7 um. With a photoresist frame plating process. a pole
tip PT2 with a 7 um thickness can be constructed with vertical sidewalls. .The next step is
to direct an ion beam at the magnetic layer below the pole tip PT2 at an angle to the

sidewalls of the pole tip PT2 using the pole tip PT2 as a mask to notch the magnetic layer



respect to the work piece (not shown) on the turntable 130. The
construction of the MR read head 50 portion of the nmerged MR head 46 is

well known in the art. The layers S1. GL. the MR elenent. &. and S2 are

deposited by thin film photolithography pfocess steps. As shown in Fig. 5.

t he secondherbbetdw! oh Ru€l side of thet sidewatiado rdtarfithei r&a@b@ﬂqwlé & meemw fiR a/f88pér0

and including the back gap so that the S2 layer has a pole tip portion

bet ween t t t:

oo BT R T Rk L S A MBS IR,
a

head 52 C%ﬁng'ggi}lsce y ta.{]gned m?hc 81e si ewa s of Ithae peorle up P'IJ;hI Sq‘mcotrtrlgllennaa%ﬂ 8tnﬂ1ggeéigs$a

mer ged MR

pole tip PT1b can be quite small. to adequately reduce flux leakage the pedestal pole tip
element PT1b can be milled direétly into the second shield layer S2. This eliminates
depositing a la:yer on top of the second shield layer S2 in order to form a pedestal thereon.
A typical gap length is 0.3 um. which results in a length of the pedestal pole tip element
PT1b of approximately 0.6 um. 'i'he notching of the second shield layer S2 by the ion beam
milling to obtain the pedestal pole tip element PT1b will not affect its capability to shield the
magnetoresistive element. By directing the ion beam at an anéle to the sidewalls of the pole
tip PT2. the ion béam cuts and concurrently cleans up redeposition. It has been found that
an angie of 53° produces satisfactor_v results. However. an even better milling process
empioys two ion beams either-sequentially or simultaneously. It has been found that a first
beam directed at 30° performs a cutting and partial clean up of the redeposition. and a second

beam of 75° cleans up any remaining redeposition to provide vertically aiigned sidewalls

between the pole tips PT2 and PT1b. Altemnatively. a magnetic layer can be laid on top of

the second shield layer S2 and notched by the steps described for the second discovery.

However. this requires an additional process step which is not necessary uniess a different

material is desired. Alternatively, the gap laver can either be milled by the ion beam or
defined by chemical etching before defining theé pedestal pole tip PT1b therebelow.
Significantly, track widths less than 2 um can be achieved with the two discoveries. In

contrast. the track width of the inductive head has not been less than 3 um.

This is the replacement sheet
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The second di scovery of the present invention is twofold. First, the pole
tip structure of the top pole piece P2 is utilized as a mask for ion beam
mlling a pedestal into the pole tip structure of the bottom poie piece
'P1. Secondly. the ion beamis directed at;8an angle to the sidewal I s of the

I p Stryc Ied ea alrof angl ed
0P Bol e, TP St i of P e Py BHSLECT SRS miehBk bl wNES
sequenti al | sj.mul t apequsly. Instrumental in all enbodinents is _
deposi ting ‘%‘ﬁ’éa'ltl‘ofjhwpé’ G PPS 1% Yolouninimizersideayritagdi ti onal t hi ckness. This
addi tional thickness wi'll be reduced by the ion beammlling to forma
pedestal in theAsothenabjsct is wigpowde achinrfilm merged MR head which has i improved off-

track performance.

A further object is to provide a merged. MR head with a second shieid layer S2 that
serves both as a shield for the magneto.resistive element therein and as a pole tip for the write
head thereof with good off-track performahce.

Yet another object is 1o provide 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 P1 of a write head.
and in which the sidewalls of the pole tip element PT1b are vertically aligned with sidewalls.
of a pole tip PT2.

Other c;bjects and advantages will become apparent when considered in light of the

following description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. lisa schématic illustration of a disk drive. not to scale. which employs a thin
film merged MR head of the present invention.
Fig. 2 is a schematic illustration of the critical portion of the pole tip of a thin film
write head pesitioned above a track on a magnetic cisk.
Fig. 3 is an isometric illustration of a thin .ﬁlm mérged MR head with the lavers of

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

This is the replacement shee!
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Vari ous enbodi ment's of directing the ion beam for constructing the Figs.

and 6 enbodi nent of the present invention are illustrated in Figs. 17
through 23. In this -22-

enbodi nent the pole tip elenent PT2 is enpl @-9,Led as a mask for constructi ng
the bottom pol emwm&b{;w@chemﬁcsmaﬂsﬁ Boee wHtd Keade TRl pyed for

-constructlng the Figs and

Fig. 5 is a side view of one embodiment of the present thin film merged MR head.

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

Fig. 7 is a side illustration 6f another embodiment of the present thin film merged MR
head.

Fig. 8 is an ABS view of the head sthn in Fig. 7 taken along plane VIII-VIII.

F.igs. 9 through 12 are graphs iilustrating .sidewriting 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 merged MR hea.d.

Fig. 15 is a side view of the prior art thin film merged MR head shown in Fig. 14.

Fig. 16 is a schematic illustration of an exemplary ion beam chamber.

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

Fig. 18 is the same as Fig. 17 except it is at the end of the ion miiling step, which has
notched the P1/S2 layer to foﬁn a pedestal pole tip PT1b.

Fig. 19 is the same as Fig. 18 except the ion milling is at an increased angie to the
sidewalls of the pole tip PT2 to clean up any recdeposition of debris during the cutting
operation in Figs. 17 and 18.

Fig. 20 is similar to Fig. 17 except the ion beam for cutting and the ion beam for
clean up are directed simultaneously rather than sequentially, as shown in the Figs. 17-19

Pprocesses.

This is the replacement sheet

Date: “ D SEP 1885

5



. " . : . . . . | e ti p
erfbodi ment of the present invention. In this enbodi ment the po
el ement PT2b al onep or the pole tip elenent PT2b and PT2a can be enpl oyed

as a mask for formng the bottom pole tip_ structure. Figs. 17, 18.

. . - - . } d
and 19 illustra se of t diff erentty angl ed i on beams enpl oye _
sequential ly tof:‘f%b?ﬂﬁ? BB S ‘Eo#é except dhe nRiEipg hagibgen campietedsiotthem pind e

tip element PT2 constructed with an extra thickness in order to allow for

the reduct PEHsBf paletipildldds during the ion beamnilling. The beginning
t hi ckness of the PT2 layer may be in the order of 7 [err]m with the extra

thi ckness i ncl ufigd22 is sititarab g 19fexéepr®d §idgle idBeaRPba bichref Iaﬁ;ﬂ? ri‘§_ utilized f5e
f or med _
both cuning and clean up.
Fig. 23 is similar to Fig. 22 except the cuning 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 pole tip PT2
with vertical sidewalls.
Fig. 25 is an ABS view through the structure in Fig. 24 with the photoresist frame
removed.
E ig. 26 is é top planar view with the top poie piece P2 masked leaving the pole tip
PT2 exposed.
Fig. 27 is an ABS view of the structure illustrated in Fig. 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 swructure atter ion beam milling at an angle to the
sidewails of the pole tip PT2 thus forming the pedestal pole tip PT1b.
F igs.' 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.

R A
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with vertical sides 88 and 90. the process for fornming the pole tip el enent
PT2 to be described in detail hereinafter. In Fig. 17. an ion beam i s
shown directed at an angle of 30 to the %l dewal | of the pole tip el enent
PT2. While the ion beamis shown direct ed=at only the sidewall 90 of the,
pole tip el enent PTZDE$€RIPTIONeOH|YHEtIHﬂEEERIRﬁDI EMBODIMENSS and 90 of
the pole tip elenment PT2 due to rotation of the work piece by the turntable

130. as descr i Referringr sowiad aNe draWifigd detedt Bke Gefefent® PR etA¢ dQﬁF‘izﬂﬁ iRE dehe

P1/S2 layer and the pole tip elenent PT2 is deposited on top o e Jgjap

el SRS SBORR Gl LS LT, B T TR
40 which includes a rotating magnetic disk 42. The disk 42 is rotated by a motor 44 which
is responsive to control signals from a drive control source (not shown). When the disk 42
is rotated, a thin film merged.MR head 46. mounted on a slider 48, is supported above a
surface of the magnetic disk 42 by a thin laver of air called an "air bearing”. The merged
head 46 includes an MR read head 50 and a 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) 54 of the slider.
The ABS 54 is spaced from the surface of the magnetic disk 42 by a distance d which is the
flying height of the merged MR head 46 when the magnetic disk is rotating. The slider 48
is coﬁnected to a head suspension assembly 36 which includes means for conducting
read/write signais between drive electronics 58 and the head. The above components of the
drive are mounted within a drive housing 39.

Pole tip elements of the write head 52 are scnemaucallv illustrated at 60 in Fig. 2 in
an operating reiationship with a track 62 of a rotating magnetic disk. Flux reversals
representing information recorded on the track by the write head are schematically illusTated
at 64. The number of these flux reversals per inch length of the track is a measure o: the
linear or bit density of the read head. When the length of the write head gap is reducea. the
bit density is increased. Another important measure is the TPI of the write head 60 The
narrower the width of the write head's pole tip elements, the greater the TPI. The product

of the bit density and TPI provides the areal density of the write head. This is a meas.re of

. »
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redeposi t ed (redeb) on the sidewalls of the mlled elenents. By angling the
beam at 30[err] to the sidewalls of the pole tip elenent PT2. as

illustrated in Fig. 17. significant cutting_takes place. however, the beam
al so performs a degree of clean up of thedebris during the cutting

oper ation homugol&@a@owawwmnr@auahgr@ orbgaAgnets diskan range bet ween
20[err] to 40[err] for

-23- the two- arFig.S itlohaesraition o mérged Mivheadvs shomwimgthe MR reast heat 60 and
cutting operation and
the write head 52. The merged MR head 46 is mounted on the slider 43.

As shown in Fig. 3. the re.ad head 350 includes a magnetoresistive eiement MR which
is sandwiched between first and second gap lavers Gl and G2, the gap lavers in wurn being
sandvﬁched 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 explaine& in more detail hereinafte_r.

As shown in Fig. 5. the write head 52 has a pole tip region which 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
bottom polé piece P1 and a top polé piece P2. The bottom pole piece Pl comprises the
second shield laver S2 of the read head 50. Each poie piece P1 and P2 also has a back layer
portion which is located in the back region. the back layer portions of the pole pieces being
magnetically connected at the back gap {BG). The bortom pole piece Pl inciudes a pole up
structure which is located in the pole tip region between the ABS and the zero ;hroat level.
This pole tip structure includes a bottom pole tip eiement PT1a and a top pole tip element
PT1b. The top pole piece P2 includes a pole tip swucture which is located in the pole tip
region between the ABS and the zero throat level. This pole' tip structure inciudes a top pole
tip element PT2. The pole tip elements PT1a and PT1b are integraily formed from second
shield S2 of the read head 50 which will be explained in more detail hereinatter. A pole gap

‘layer (G) is sandwiched between the pole tip elements PT1b and PT2. A desired thickness
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Fig. 18 shows the final result of the cutting operation. During this
cutting operation, the pole tip elenent PT2 acts as a nmask for cutting the

pedest al

i on beam
cl ean up
i on beam
.from®65 t
be not ed

pole tip elenent PTIb in the sec gd shield | ayer S2. The 30[err]
"as illustrated in Fig. 19. to

is followed by a 75[err] ion bear
{dap leremiigyofithisdaver 3s sdout D.31 ehtwHiclomill betifireahe tintdraensither the varite]
for clean wup of the redep is preferred. however. this can range

?ﬁm&h sh@ifidhe ¢ HEVGHbmiPf ﬂ%veﬁgcmﬁ% gé;g [%Eﬂu?%ﬁgepfr%msdwu' d

at during the cutting opefation t ole tip

el ement PT2 ha 7been l:l.%ducecsl b he addi ti,onal tbhi ckne added (see, Fig.
5¥%r¢' g

17) such*8s t°26

15188P PG SFERG 1P 1pe berk#2R HQ O AiesanvEly; mgY

'efPr m

the sidewalls of the pedestal

terminate at the zero throat level.

A first insulation laver I, is deposited on top of the gap layer G by any suitable
method such as photolithography. On top of the first insulation layer I, there is deposited a
coiled conductor layer 70 by any suitable method such as photoresist frame plating. On top
of the coiled coﬁductor layer 70 there are deposited second and third insulation Layers [, and
I, by any suitable means. §uch as photolithography.

The merged MR head 52 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 Figs.
5 and 6. One feature of a merged head is that a process step in. depositing an extra magnétic
layer is eliminated. However. the large width of the second shield layer S2 bevond the sides
of the gap G, as illustrated in Fig. 6. causes flux to extend toward the second shield layer S2
beyond fhe width of the pole tip element PT2. This ‘side-fringing" flux causes sidewriting,
which can degrade off-tr#k 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 second
shield laver S2 with a pedestal which forms a pole tip element PT1b. Below the pedestal
pole tip element PT1b is an area which can be referred 10 as a pole tip element PTla. The
pole tip elements PT1a and PT1b are forward extensions of the bottom pole piece P1 which
comprises the second shield laver S2. The width of the second shield layer S2 is sufficient

to effectively shield the MR element of the read head 30. This width can be in the order of
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pole tip PTlb are aligned with the sidewalls of the pole tip element PT2.
The pedestal pole tip PTlb has been fornmed by notching at 78 and 79 into
the second shield |ayer S2. The gap IayerluG can either be ion mlled by
the 30 and 75[err] beans or alternatively“tan be chemically etched toits
wi dt h pri o0 gm. irheompansor e withiof@. um for the widtlyef tH2Cpode tp 2lensdmosy Arshould
enbodi nent of the ion beammlling which is simlar to t he Figs. 17. 18,

and 19 entidici@itharié abiching78HAd F9bS (il &icohd Qﬁaﬁﬁa\éf' 2 g%ﬁ&ésetﬂe pedestal pole
swrultaneously to performthe cutting and clean Up opeéerations

Fi gs. aiﬂfielgxﬁeﬁtl PHBWH B In IR U&ﬂ&al%‘deuaﬁs g6 cp %%muar V. %e\’\@a%rlgve?

S|ngle o]

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 vertical sidewails 88 and 90. The first sidewails 80. 84. and
88 of the pole tip elements PT1b, the gap G. and the pole tip elements PT2. respectively, lie
contiguously in a first vertical plane 100 and the second vertical walls 82. 86. and 90 lie
contiguously in a second vertical plane 102. As shown in Fig. 6. the veﬁical planes 100 and
102 are equally spaced from 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 also perpexidicular to the ABS.
The first and second vertical planes 100 and 102 are preferably equally spaced all the way
from the ABS to the zero throat level. However. they could diverge from the ABS if desired.
The vertical alignments of the sidewalls of the poie tip elements in the first and second
vertical planes 100 and 102 are important in combination with the pedestal pole tip PT1b to
minimize sidewriting caused by the large lateral width of the second shield layer S2. The
importance of this pedestal pole tip PT1b is described in the next paragraph.

T - It has been discovered that the iength of the pedestal pole tip element PT1b can be
much less than previously thought possible. The inventors have determined the optimum
notching depth of the second shield layer S2 to form a pedestal pole tip element PT1b with
an optimum. length. Figs. 9 through 12 show fhe results of that agalysis. The following
apply to each of the Figs. 9 through 12: (1) in plane sidetrack write field of a bottom pole

- prece (P1) notched write head is shown: (2) normalized head field is plotted versus off-track
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beami's utilized for both cutting and clean up to define the pole tip

pedest al

PT I'b The previousl y descri bed two-angl e beam approach is

preferred over the si ngl e beam However _ satlsfactory results can be

obtained with the S|n ed angle fo
55[err]. ROWE0RN ‘i“f‘?é @eql?’ﬁgﬁﬂg é’reﬂr“faé_ F‘r]o‘{slg?éﬁ 2’858?)‘!@5

range.

“amplitude since most heads are designed around a maximum write field of 2.5 times the disk

media coercivity; (4) the offrack position is measured from a sidewall of the gap G along
the gap's lateral centerline; (5) the gap length is 0.4 um; (6) the flving height of the head
above the rotating disk is 0.075 um: (7) the dongd 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 shield layer S2 (see Fig. 14); (8) the dotted line entitled
"minimum" is the sidetrack write field for a pedestal pdle tip élemcnt PT1b of infinite length:
and (9) the continuous line between the dashed "maximum" and "minimum” lines is the result
of the analysis. In Fig. 9 the length of the pedestal pole tip element PT1b, shown in Fig. 3,
is three times the length of the gap, or 1.2 um. It can be seén at 0.4 of the normalized head
field that the sidetrack write field is 'very- close to the minimum sideﬁack write field of a
pedestal pole tip element PT1b of infinite length. In Fig. 10, the length of the pedestal pole
tip PT1b is two times the length of the éap, or 0.8 um. The resuit at 0.4 normalized head
field is still very clo;e to the minimum sidetrack write tield of the polé tip element of .inﬁm'te
length. In Fig. 11. the length of the pedestal pole tip PT1b is one times the length of the gap.
or 0.4 um. which has a performance 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 pm notching of the second
shield layer _SZ. a pedestal p-ole tip PT1b of a length 0.4 um makes a considerable
improvement in off-track performance of the write head bver a write head which has no
pedestal at all. In Fig. 12, the length of the pedestal pole tip PT1b is 0.5 times the length of

This is the replacement shaet

Date: 30 SEP 1995



Figs. 24 through 28 illustrate additional details in constructing the pole
tip elements for the Figs. 5 and 6 enbodi nent of the present invention.

Fig. 24.

a photoresist frame is utilized for plating the top pole piece

and its pole tip portion PT2. The plating operation also plates outside
the frame. which is called the P2 field&~=In Fig. 25. the photoresist frane

has been ngaeyed: o.2aM. Bven\WiuP 802 ghﬂeﬁ’ .We?édfséﬁ?ﬁiéé@é\g‘sﬁ?g ofGlksSd 46%

t her eof .

f-the Pl/S2 d the pole ti t PT ited on t
of "t he gapPRgameat SV Rk s eaiaCy iy o€ T hereleERssl A, %6 Gent

PT2 will

In Fi'lg. 25 1t can be seen that The g eposited on

y

be inherently constructed with vertically oriented )
The aforementioned anaiysis demonstrates that the léngth of the pedestal pole tip PT1b

can be very short and still accomplish significant improvement in off-track perrormance. An
acceptable range for this length is 0.5 0 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 um demonstrated. The length of the
gap can range all the way from 0.1 um to 0.7 um for acceptable pert;ormance. The notching
or length of the pedestal pole tip PT1b would accordingly be 0.5 to 3.0 times the designed
gap length. Of con_siderable significance is that the pedestal element PT1b can be formed in

the éecond shield layer S2 of the read head 50 without altering the performance of the laver

- S2 in shielding the MR element. The second shield layer S2 is typically 7 10 8 um thick and

a notching of approximatel_v 1 um will not affect its performance. However. if desired. the
second shield layer S2 can be deposited with a gfeater 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 laver could be deposifed on top of the second shield layer S2 and then appropriately
notched to provide a pedestal poie tip element PT1b which is of a different material than the
second shield layer S2. This may be desired where the pedestal pole tip PT1b is of a
different material than the second shield 1ayer S2. For instance. the pedestal pole tip PT1b
can be constructed of a high moment of saturation material. such as ferric m'tridé. to handle

a large amount of flux whereas the second shield laver S2 may be constructed of a lower
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sidewal | s 88 and 90. In Fig. 26 the P2 field has been rempved and a
photoresi st mask has been placed on top of the P2 pole piece with an

openi ng or w ndow 140 exposing the pole tip element PT2. The resist w ndow
is illustrated more clearly in Fig. 27.-Xke or nore ion beans. as

di scussed heral NANaHRaudH MateREN stbh BHepHlaldy. OTEcoliGuéRsm ditthevbeditemt p
I 1 lustrat e% m%. %é tg notgh t he Pl?SZ Iaye(r: to ptg’glw dte t he pedggtual

pole ti-p elenent PT1b. 29t h l.

For ki ngPEhe b G severial (PP B FRahd SRER 1agéh, i if Blses B R mepyore
present invention. These steps are the sane as that expl ained for Figs. 24
t hr ough 28herginefier.t he top pole piece P2 is constructed with two |ayers

~ 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 aligﬁed
with respect to one another at the ABS. as shown in Fig. 6. The method of construction t0
achieve these vertical sidewalls is another discovery which is descnbed in detail hereinafter

" under "Method of Making the Merged MR Head."

A comparison of the performance of the merged MR head 46 of Figs. 5 and 6 can
now be compared with the prior art merged MR head of Figs. 14 and 13. In the prior art
merged MR head. the pole tip element PT2 is formed on top of the secoed shield layer .SZ
with a gap G therebetween. The .second shield layer S2 serves as the bottom pole piece Pl
and, at its forward extension, the pole tip element PT1. The only element separating the pole
tip element PT2 from the second shieid 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 extends from the pole tip element PT2 beyond its width to the
second shield laver 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 formeci by the sidewalls
of the pole tip element. PT2. Itis this desired performance that the merged MR head of Figs.

5 and 6 achieves.
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so as to provide two pole tip elenments PT2a and PT2b. as illustrated in
Fig. 30. After ion beammlling, as illustrated in Fig. 33. a pedestal
pole tip element PTIb is forned and the_;4op pole tip structure conprises
pole tip elements PT2a and PT2b. As stated hereinabove. the pole tip

el ement PT2b cHifp. 18 illbswmedi dnf aBSN¥iewrstes pebr hhanduckice ReAE The idREBEhedl2a.
Fig. 34 illustrates an additional enbodinent if a nagnetic layer is laid

on top of ir{cg@g§ B6ie t@lg rg?ég%‘ﬁlggﬂ §:¥c‘f15T§%-hPcrhi S s%pgrété‘beb} 29282 "Ml ihid?e nbiy

this case. I p structure u

employs the elements PT1, G and PT2 to perform both the read and write functions. During

the write function a coil. not shown. induces flux into the pole tip elements PT1 and PT2 to
perform the write operation. During the read operation the poie tip elements PT1 and PT2
and their corresponding pole pieces induce flux int§ the same coil for performing the read
function. The off-track performance of this prior art inductive head is benter 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 PT1 and PT2 are more nearly vertically
aligned. However, the prior art construction of the inductive head neces;sariiy results in the
pole tips PT2 and PT1 widening toward the substrate. Both of the pole tips PT2 and PTI,
in that order. are milled by a downwardly directed ion beam during their construc.tion. When
the ion beam is directed straight down. a substantial amount of -redeposition of milled debris
accumulates on the sidewalls of: the milled pole tip eiements causing the top pole tip element
PT2 to shadow the bottom pole tip element PT1 thereby giving it its outwardly tapered shape,
as shown in Fig. 13. The \vidér pole tip element PT1 in contrast to the pole tip element PT2
will cause some undesirable sidewriting. Funhér‘. the ion mill_ing of both pole tips (8 um-
10 um) takes a long time. |

Figs. 7 and 8 illustrate another embodiment of the present invention which is slightly
modified from the embodiment 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
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25 conprise two pedestal pole tip elenments. nanmely pole tip el enent PTI b
and PTlc. Again. the pole tip elenent PTlc can be of a different materi al

than the pole tip elenent PTIb. The pole tip elenments PT2b and PTlc can be
of a high nonent of saturation rrateriaT_lﬁ"(4 [err] [err] - such as ferric

nitri de EQleﬁﬂzﬁt PR hasHirsf @id sebdndpeitcal sidewhlsEHAtmdATH and ek foT@dp elemene a

| ower f saturation material. such as Permalloy. The high saturation
mat er i aI

cl osest tg‘l‘bﬁéxaglgls Jreg% éfrﬁdew i64% in(a {dPWashheuanint g, BOHHR fifsPS

urat

sidewalls 80. 84. 114, and 118 of the pedestal pole tip PT1b. the gap laver G. and the poie
tip elements PT2b and PT2a. respectively. lie in the first vertical plane 100. and the second
vertical sidewalls 82, 86, 116. and 120 of the pedestal pole tip PT1b, the gap layer G. and
the pole tip elements PT2b and PT2a. respectively, lie in the second vertical plane 102.
While the pole tip element PT2a is shown having its 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 length of the gap G. This is because the flux transfer at a
distance bevond that length becomes somewhat insignificant. Accordingly. the pole tip
element PT2a can be provided with a lateral width at the ABS which is considerably wider
than the widths of the pole tip elements PT1b and PT2b. The pole tip eiements PT2a and
PT2b can be constructed in Two separate layers when it is desired that the pole tip element
PT2b be of a different material than the pole tip element PT2a. For instance. the pole
element PT2b may be constructed of a high moment of saturation materiai. 'such as ferric
nitride. whereas the pole tip element PT2a may be constructed of a lower moment of
saturation maferial. such as Permalloy. With this arrangement. the pole tip eiement PT2b can
carry a large amount of flux without saturation.

With the xhethod of construction to be described hereinatter. the width of the pole tip
elements for the present merged MR head 46 may be as narrow as 2 um. This is less than
the normal 4 to S um 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
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It is"nowreadily apparent that the nmethod of naking the nerged MR head
broadly includes the follow ng steps: depositing the second shield |ayer
gg ?)f thehread heiad fromthe ABS to andiq"]ncl udi ng the back gap so that the
ayer has a pole tip_portion bet e ABS agnd.the_zero throat |evel
and a backlemsnisik Mb@@@\réﬁh ip ﬁtg5z'émm§ﬁ%tatshr%¢erra§ﬁm of BigeKrite hagd payeen
Figs. 5 and 6); depositing the gap |layer G on top of the second shield
| ayer S2 bf ¢ie mérged XBShdad. Fipem diiethe TRrcaatbelderearhingd eehibh ¢5sa fabofirdprogiucing
depositing a magnetic |ayer on top of the gap layer G and the second

shiel d | aygs arod &QQSIE\,O(,thhen&q;gapol e piece P2 with a pole tip elenent PT2
on top of the gap ldyer G (see Figs. 24 and 25); and directing at |east one

i on. :
Figs. 5 and 4 illustrate a more complete embodiment 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 arounci the back gap BG between the top
and bottom pole pieces P2 and P1. One end of the coil conductor 70 is ;:onnected 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 via the leads 72 and 74. the conductor 70
induces flux in the top and bottom pole pieces P2 and P1. This. in turn. induces flux back

and forth across the 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 photolithograbny and ion beam milling steps.
Photolithography includes depositing magnetic layers using a photoresist frame plating process
and depositing insulation lavers by a photoresist and developing process. lon beam milling -
is performed in a chamber. Exemplary inner parts of such a chamber are illustrated in Fig.
16. The worl_c piece (not shown) is placed on a turntable 130 and is rotated at a constant rpm.
During rotation. one or more ion beams 132 and 134 are directed at the work piece.

Preferably, these ion beams are argon ions. The primary source ion beam 132 is shown
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beam at the pole tip portion of the second shield layer 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 pol 8 tip element PT2 using the pole
tip element PT2 as a mask to notch the SZ——I-léyer at 78 and 79 on each side
of the podieectadpventicaiiy dowRWard andahe secohdary Isearce fup bdam EBcienHowhidibeled ayer S2
wth a pedestal. the pedestal being the pole tip layer PTlb. and the

e A YRS o AR b BB o R 5

Figs. 17 ff rp?éégxtﬁ ififermioh 1€ aécioxrn%iishseiddb%y\@éa}n% éh?cﬁ narde cﬁlgec%fd otnrl])(ra at’ s%lrﬁae éni_ e frgr];l b
a vertical. A shutter 136 is pivotally mounted for switching the ion beams on and off with
respect to the work piece (not shqwn) on the turntable 130.

The construction of the MR read head 50 portion of the merged MR head 46 is well
known in the art. The layers S1. G1. the MR element. G2. and S2 are deposited by thin film
phomlitho.graph_v 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

. throat level and the_ back gap. The bottom pole piece P1 of the write head 52 comprises this
second shield laver S2. This combinatio_n 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 utilized as a mask for ion beam milling a pedestal into the pole
tip structure of the bottom poie piece P1. Secondly. the ion beam is directed at an angle to
the sidewalls of the top pole tip structure either in a single angled beam or a pair.o'f angled
beams. The pair of angled beams is preferred and can be either directed sequentially or
simultaneously. Instrumental in ail embodiments is depositing the top pole tip structure with
an additional thickness. This additional thickness will be reduced by the ion beam milling
to form a pedestal in the bott'ofn pole tip structure.

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

embodiment of the present invention are illustrated in Figs. 17 through 23. In this
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-26- anzd PT2 being aligned in the first vertical plane 100 and the second
sidewails 82 and 90 or the pole tips PTlb and PT2 being aligned in the
second vertical plane 102. the first and second vertical planes 100 and
of the. morBBRSROY BAFORSRLARREE LS HHGIEERES b etk IO COPTI D e AROBSL o
beam may conprise first and second ion beans. the first ion beam being at
an angl e [tiprsmucture.t [fie same methods would be empioved for_ constructing the Figs. 7 and 8

embodiment of the present invention. In this embodiment the pole tip element PT2b alone

or the pole ;ip element PT2b and PT2a can be empioved as a mask for forming the bontom

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 in the order of 7 um
with the extra thickness included in the order of 2 um. The pole tip element PT2 is formed
with vertical sides 88 and 90. the process for forming the pole tip element PT2 to be
described in detail hereinafter. In Fig. 17, an ion beam is shown directed at an angle of 30°

-to the sidewall of the pole tip eiement PT2. While the ion beam is shown directed at only
the sidewall 90 of the pole tip element PT2, it will be directed at both sidewalls 88 and 90
of the pole tip element PTZ due to rotation of the work piece by the rurntable 130. as
described hereinabove. The gap layer G is deposited on top of the P1/S2 laver and the pole
tip element PT2 is deposited on top of the gap laver G. As stated hereinabove. when an ion
" beam is directly vertically downward. a considerable amount ot the material‘ cut (debris) is
redeposited (redep) on the sidewalls of the miiled elements. By angling the beam at 30° 10
the sidewalls of the pole tip element PTZ. as illustrated in Fig. 17. significant cunting takes

place. 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° for
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range of O[err]<[err]<60[err] and the second ion beam being at an angle
[err] in the range of 60[err][err][err] 85 err]. The step of depositing
the gap |ayer G may include providing the gap layer with a thickness that
defines a Iength in the range of 0.1 [@r]mto 0.7 [err] mwth the
Iengt h of thevovgang cmbodlmeetregmg PTishows thelromiBBcmemigoti the theing apgetiof afid 59
to 3.09. The step of directing at |east one ion beam nmay include notching

the secon¢1§hlgq-,hgw§ Héqinabresalt oi&e%ﬂﬂm&%péﬁubﬁ'abuﬁﬁé|ﬂus B@thﬁﬁ'o anon the pole
appr oxi rrateTy 0.7 [err] mdeep thereby providing the pole tip el errent %le

with a Q-B t Palﬁpefc %%xyfop chinS H]g]eqe@afi}xg %xpsigrgerﬁfPﬂ'm ‘%8“ ip

| east one IFfon beam’inc | ng reducing ness ‘of t
I nt PT2. r oxiJre I i
elene sg.le?do I%yer é... II'l?e ¥0°210L1€bealln 1s followed by a 75° ion beam. as illustrated in Fig. 19.

to clean up the redep which is still left from the 30° operation. The 75° ion beam for clean
up of the redep is preferred. however, this can range from 65° to 85° to the sidewalls of the
pole tip element PT2. It should be noted that during the cutting operation the thickness of
the pole tip element PT2 ﬁas been reduced by the additional thickness added (see Fig. 17),
such as 2 yum. The surprising result is that after this milling, the sidewalls of the pedestal
pole tip PT1b are aligned with the ﬁidewalls of ‘the pole tip element PT2. The pedestal pole
tip PT1b has been forméd by notching at 78 and 79 into the second shield laver S2. The gap
layer G can either be ion milled by the 30° and 75° beams or alternatively can be chemically
etched to its width prior to the ion beam milling.

Figs. 20 and 21 show a.n embodiment of the ion beam milling which is similar 10 the
Figs. 17. 18, and 19 embodiment except the 30° an.d 75° beams are directed simultaneously
to perform the cutting and clean up operations.

Figs. 22 and 23 illustrate an embodiment of the ion beam milling where a singie ion
beam is utilized for both cutting and clean up to define the pole tip pedestal PT1b. The
previously described two-angie beam approach is hreferred over the 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 45° to 65° as an acceptable range.
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1t is now readily apparent that the aforementioned discoveries allow a
merged MR head to have vertically aligned pole tips adjacent the gap |ayer
with the bottompole tip elenent being Y pedestal with respect to a second
shieid layer S2_of -a nerged MR read head.~—~The vertical ali gnment of the

si dewal | s~ opt i nf B&s>* Weough A 8illustrate adidigpazd getails iy corstmeting theepoi@tip @idnmanss
Clearly, other enbodiments and nodifications of this invention wiil occur
readi |y tofortthoBigs.of dadérembodiént lofthd prebdi ivenion. THFSE iea _b{&ge%icst frame

Therefore. this inventionis to be limted only by the follown I"al ns.
whi ch i ncligagilized fof pRuaE BER68IpBRNpecAPY NS IR 'tlsrfbr&\gi'? 'BT2. The plating
operation also plates outside the frame. which is called the P2 field. In F ig. 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 Fig. 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 element PT2. The re;ist window is illustrated more clearly in Fig. 27. One or more ion
beams. as discussed hereinabove. aré then directed through the resist window. as illustrated
in Fig. 28. to notch the P1/S2 layer to provide the pedestal pole tip element PT1b.
Figs. 29 through 33 illustrate process 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 conﬁtructed with two layers
so as to provide two pole tip elements PT2a and PT2b. as illustrated in Fig. 30. After ion
beam milling, as illustrated in Fig. 33. a pedestal poie tip element PT1b is formed and the
top pole tip structure comprises pole tip elements PT2a and PT2b. As stated hereinabovg.
the poie tip element PT2b can be of a different material than thé pole tip element PT2a. Fig.
54 illustrates an additional embodiment if 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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vi‘.ewed"' I n conjunction with the above specification and acconpanyi ng

drawi ng.

-25-
comprise two pedestal pole tip elements. namely poie tip element PT1b and PTlc. Again.

the pole tip element PT1c can be §f a different material than the pole tip element PT1b. The
pole tip elements PTZb and PTlc can be of a high moment of saturation maferial. (4 7vm,,
such as ferric nitride, and the material for the pole tip elements PT1b and PT2a can be a
lower moment of_ saturation material. such as Permailoy. The high saturation material wil.l
allow a large amount of flux to flow through the pole tips closest to the gap layer G without
saturation.

It is now readily apparent that the method of making the merged MR head broadly
includes the following steps: depositing the second shield layer S2 of the read head 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 berween the zero throat level and the back
gap (see Figs. 5 and 6); depositing the gap layer G on top of the seéond shield layer S2 from
the ABS to the zero throaﬁ level (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 piece P2 with a pole tip
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 layer 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 tip element PT2 as a mask to notch the S2 laver at 78 and 79
on each side of the pole tip element PT2. the notches leavihg the second shield layer S2 with
a pedestal. th_e pedestal being the pole tip laver PT1b. and the second shield layer S2. less the
pedestal pole tip element PT1b. between the ABS and the zero throat level being the pole tip

element PTla (see Figs. 17 through 19). the first sidewalls 80 and 88 of the pole tips PT1b
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WE CLAI M ' 1 A et hod of making a merged MR head which has a
top and a bottom the top and bottom of the nerged MR head bei ng bounded
in part by an air *bearing surface (ABS), ., the nethod conprising the steps

of : depositing at |east one magr'fg-{ch | ayer to forma second shield

layer S2 ahd@T2NRiresiikned &m theairotdricai pidne [B0emnd thd sedond Isidextdn 83 ahd Ohoan

air bearing surface (ABS) to and including a back gap, the bottom pol e

piece P1 having @ PPALIADPE2 AR LiigheBOh thOReddAl GRRrfosl PIER 102. the first and
second vertical planes 100 and 102 being spaced from one another at the ABS to define the
track width w of the merged \AR head (see Fig. 6). The step of directing at least one ion
beam may comprise ﬁrst-and second ion beams. fhe 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°.
The step of depositing the gap layer G may include providing the gap layer with a thickness
that defines a length g in the range of 0.1 um to 0.7 um with the length of the pole tip
element PT1b at the ABS being in the range of 0.5g to 3.dg. The step of directing at least
one ion beam may include notching the 'se.cond 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 approximétely 0.7 um: 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 1o have vertically aligned pole tfps adjacent the gap laver with the bottom pole tip
element being a pedestal with respect to a second shieid layér S2 of a merged MR read head.
The vertical alignment of the sidewalls optimizes the minimizing of sidewriting between the
pole tips.

Cleaﬂy, other embodiments and modifications of this iﬁ\'ention wiil occur readily to
those ordinarily skilled in the art of these teachings. Therefore. this invention is to be limited

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

viewed in conjunction with the above specification and accompanying drawing.
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bet \;\eén the ABS and a zero throat |evel: deposi-ting—another———

magnetic layer to forma top pole piece P2 above the bottompole piece P1
fromthe ABS to and including the back gap, the top pol iun ﬂﬂﬂ""ﬂl}"\m
formed wth a defined pole tip el enent PTé_whlch exten S
and the zero throat |evel and which HBEAIMSst and second vertical

sidewal I s: and directing at | east one ion beam at the undefined

pole ti'p pWE CoAIMf: the bottompole piece Pl at an angle [err] to the
sidewal | s of the defined pole tip el ement PT2. using the defined pole tip

h
e: gge(r;]E PT2 as p nask. mérgedlgﬁ{ hgaﬁléo&or}l%}ncgh t he bottom pol e piece P1 on eac
s

a write head which has bortorni and top poie pieces P1 and P2;

‘the pole piece P1 having bottom and top pole tip elements PT1a and PT1b and the
pole piece P2 having a pole tip eiement PT2:

an MR read head whicﬁ has a second shield layer S2, the second shield layer S2
comprising the bottom pole piecé and its pole tip element PT1a;

the pole tip elemént PT1b forming a pedestal with reSpect to the second shielﬁ layer
S2;

each of the pole tip elemgnts PT1b and PT2 having first and second sidewalls. the first
sidewali of each of the pole tip elements PT1b and PT2 commonly lying in a first vertical
plane and the second sidewall of each of the pole tip elements PT1b and PT2 commonly lying
in a second vertical plane; and

the first and second vertical pianes being spaced from one another at an air bearing

surface { ABS) by a distance w representing a write head track width.

2. A magnetic disk drive including the merged MR head as claimed in claim 1.
the drive including:
& housing:

means mounted in the housing tor rotating a magnetic disk; and
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the pole tip elenment PT2 to formthe bottom pol e p|e mnm,nto pole t|p

el ements PTla and PT 1b. the pole tip elenment PT IDb ",ﬁﬂ,l””" wth
respect to bottom pol e piece P1 and

28 having first and second vertical si e?ewal | s which are aI | gnecf wi*t h t he
first and second suppari, cmdluding sisiderambeanteé $ip et ionsing fof sudpertingl e mdpgel BiReNt

PT2.
head in a transducing relationship 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 S2 comprising the pole tip element PT1b in addition to the

pole tip-element PTla.

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

a gap laver G located between the pole tip eiements PT1b and PT2. the gap la;v;er G
having first and second sidewails. the first sidewall of the gap. laver G being located in the
first vertical plane and the second sidewall of the gap laver G being located in the second

vertical plane.—

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

the pole tip element PT2 being a single laver.
6. A merged MR head as claimed in claim | including:
the pole tip element PTZ comprising pole tip elements PT2a and PTZb. eacn ot the

pole tip elements PT2a and PT2b being a separate layver.

7. A merged MR head as claimed in ciaim 1 including:

This is the repiacement sheet
_ This Sheet Has Been Repla

o wwem il




A method as claimed in claim1 includi ng: before—the step of
directing at | east one ion beam at the undefined pole tliﬂport I on of t he

bottom pol e piece Pl, depositing a photor_%-st mask o

pi ece P2:

exposes the defﬁnﬁé\ﬁRﬁS‘%hﬁdp}ncm@Pémnt PT2 and an ar ea on‘ edth %i de

the phot o ﬂmﬂm ﬂpm ©

proyj di ng an opening i

so that the defined pole tip elenent PT2 can act as a mask for the step
of directing at | eass fimehiellaperaSh af addivonindafd seondshieldtlager®:tion  of
t he bottom pol e pi ece PL.

first and second gap layer G1 and G2 sandwiched between the first and second
shield layvers S1 and S2: and

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

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 um.

9. A merged MR head as ciaimed in claim | 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 10 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 PTla.

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

means mounted in the housing for rotating a magnetic disk: and
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3. Anethod as clainmed in claim 1 including: ,m ﬂ' step-
of depositing said another magnetic |ayer, depositi nJ; uw ﬂ mmm Hn top
of said at |east one nmagnetic |layer to cover the undefinéd pol®e tsi p=portion
~of the bottom pole piece PL: . tB8 step of directing at |east one
i on beam i ncl udiaYPEPR-caelndige ra-éiidero mansead iatthe heusipgoror sugparug tefroerged MR
directing the ion beam at the undefined pole tip portion of the bottom pol e
pi ece Pl: &idd in a ransducing 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 layver G located between the pole ti;ﬁ eiements PT1b and PT2. the gap layer G
- having first and second sidewails. the first sidewall of the gap layer G being located in the

first vertical plane and the second sidewail 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 layer S1 in addition to said second shield laver S2:

first and second gap laver G1 and G2 sandwiched between the first and second

shield layers S1 and .SZ: and

an MR element sandwiched between the first and second gap lavers G1 and

14, A merged MR head as claimed in ciaim 13 including:
the length g of the gap G being in the range of 0.1 pym t 0.7 pm: and

the length of the pole tip element at the ABS being substantially 2.0g.
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the.step of directing at | east one ion beam providing the 'MH ﬂ“ |
first and second verfical sidewalls which are aligned wt mj", mn '
first and second vertical sidewalls of the pole tip el enents ‘PTtb #&nds PT2.
29 .. - A nethod as-clained i claim 1 including:
before the stepof depergediMB hsad as siamerein cisignét includiggr . depositing a gap
| ayer G on

' the pole tip element PT2 being a single laver.

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 iaver.

17. A merged MR head comprising:

a write head which has bottom and top pole pieces P1 and P?.;

the pole piece Pl having bottom and top pole tip elements PT1a and PT1b and the
pole piece P2 having a pole tip element PT2. the pole tip element PT1a having a width which
is wider than the width of the pole. tip element PT1b:

an MR read head which has a second shield laver S2. the second shield layer 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 PT1b having a top film surface. first and second sidewalls and
a front wall, the front wall forming a part of an air bearing surface (_ABS) and the top film
surrace being bounded by the front wail and the first and second sidewalls:

the pole tip element PT2 having top and bottom film surfaces. a front wall and first
and second. sidewalls. the front wall forming a part or the ABS and the top and bottom film

surtaces being bounded by the front wall and the rirst and second sidewalls:
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top of said at |east one magnetic |ayer to cover the
portion of the bottom pole piece Pl; the ”'im H ulng t he
L

gap layer G providing the gap layer with a thickness g It

0.1 [err]mto 0.7 [err]m at the ABS: and32- the Iength of the pole
tip el ement PT |abza§tla¢éi‘@ eﬁﬁﬁ&ieﬁ%ewﬂ RO idpAt by s ﬁ'tng of the poje tip elemnt PT1HA
nmethod as clainmed in claim 1 including: he step directing at

least one 08 REMHGR Wk birfide ofr £l E)gl%tﬁpnglemem p%. eth'eognapqaver é thavmg 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 fror_lt wall and the first and second sidewalls:
the first sidewall of the each of the pole tip element PT1b. the gap layer G and the
pole tip element PT2 lying contiguously in a first vertical plane and the second sidewall of
each of the pole element PT1b. the gap laver G and the pole tip element PT2 lving
contiguously .in a second veniéai plane: and
each of the first and second vertical planes being perpenldicular to the ABS and spaced

from one another at the ABS bv 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 pole tip eiements PT1a and PT1b being a separate magnetic laver:

the poie tip element PT2 corﬁprising a top pole' tip element PT2a and a bottom pole
tip eiement PT2b: and

the material of the poie tip elements PT1b and PT2b having a higher moment of

saturation than the material or the pole tip elements PT1a 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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a.single angle [erf]. 6 A nmethod as clainmed in claim

i ncl udi ng: the step of directing at |east one ion b ﬂ I;uillll
directing first and second ion beans: _ the first |

an angle [err] in the range ] <[ err¥<qo err] t he second
i on beam bei ng &% an *aWﬁTgéﬁ[\gﬁ 'FL‘? RS ’Eﬁlén‘?qaﬁ’g%a’& 1%@‘?‘4‘#‘?11%[ err]<8s[err].

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

21. 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

element PTla.

- 22, A merged MR head as ciaimed in claim 21 including:
the MR read head including:l
a first shield layer S1 in addition to said second shield laver S2:
first and second gap layers G1 and G2 sandwiched between the first and
second shield layers S1 and S2: and

‘an MR element sandwiched between the first and second gap layers G! and

23. A magnetic disk drive inciuding the merged MR head as claimed in ciaim 22
the drive including:
a housing;
- means mounted in the housing for rotating a magnetic disk: and
2 support. including a slider. mounted in the housing for supporting the mergea MR
head in a transducing relationship with respect to a magnetic dlSk when the magneuc <isk 1s

rotated bv the means for rotating.
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>4, A merged MR head as claimed in claim 22 including:
the pole tip element PT2 comprising pole tip elements PT2a and PT2b. each or the

pole tip elements PT2a and PT2b being a separate layer.

25. A merged MR head ;omprising:
~ pole tip elements PTla. PT1b and PT2. each of the pole tip elements PT1b and PT2

having first and second sidewalls;

an MR read head including a second shield layer S2. the second shield laver S2
comprising the pole tip element PTla:

the pole _tip element PT1b being a pedestal with respect to the second shield layer $2:

the first sidewall of each of the pole tip elements PT1b and PT2 teing aligned 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 .plane: and

the first and second vertical planes being spaced from one another 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 235 inciuding:
the second shield layer 52 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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30 - the first ion beam bei ng at an angle [err] of substantially

30[err]: . and the second i on beam being at an angl e ’l H E'
?lritglsbglnﬁllgal ' 75[errl he ste(f of .di Ergectl ng%amef Qggt agngl ?Iogeééglrrlflr,! ulc!!”rlll!;ll”!ll

the thickness of-%he panesged MR headras aditied dndiaim 26 includinge step of
depositing the pole tip elenment PT2 including depositing the pole tip |ayer

PT2 with an addithe tangth 6flihelgap<® ar theerBYdkinpQnal thickness being the
reduction of thickness of
‘he 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 PT1b at the ABS being in the range of 0.5g to 3.0g.

28. A method of making a merged MR head which has a top and a bottom. the 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 10 form a second shield layer S2 of an MR head
and a bottom pole piece P1 which extends from an air bearing surface (ABS) to and including
a back gap, the bottom pole piece P1 having an undefined pole tip portion which extends
between the ABS and a zero throat levei:

depositing another magnetic laver to form a. top pole piece P2 above the bottom pole
.piece P1 from the ABS to and including the back gap, the top pole piece P2 being formed
with a defined péle tip element PT2 which extends between the ABS and the zero throat level
and which has first and second verticai sidewalls: and

directing at least one ion beam ar the undefined pole tip portion of the bottom pole
piece P1 at an angle 8 to the sidewalls 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 bortom pole piece P1 into pole tip elements PT1a and

PT1b. the pole tip element PT1b being a pedestal with respect to bottom poie piece Pl and
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the pole tip elenent PT2 caused by the step of direggy e ion
beam 10 A method as clainmed in clai nﬂlmmm“"ﬂﬂﬂt“ I“r
before the step of directing at |east one: g')_on beam d#epbsitiMg & nhsk over

the pole piece P2 |ayer bet vv_een_substantially the zero throat |evel and
t he back gapvinedirstragd second vemicai sidewalswisth iretaligred witk theBEshang setandzerical
throat-level to expose the defined pole tip elenment PT2 and an area on
each side tHRUAAL respectively of the pole tip element PT2.

.29. A method as claimed in claim 28 including:
before tl'_xe step of directing at least one ion beam at the undefined poie tip portion of
the bottom pole piece P1, depositing a photoresist mask on top of the top poie piece P2:
providing an opening in the photpresist mask which exposes the defined pole tip
element PTZ and an area on each side 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 Pl.

30. A method as claimed in claim 28 including:

before the step of depositing said another magnetic layer, depositing .a gap laver G on
top of said at least one magnetic layer to cover the undefined pole tip porﬁon of the bottom
pole piéce Pl:

the step or directing at least one ion beam including directing the ion beam at the gap
layer G before directing the ion beam at the undefined pole tip portion of the bottom pole
piece P1: and

the step of directing at least one ion beam providing the gap laver G with first and
second \-en.igal sidewalls which are aligned with respective first and second vertical sidewalls

of the pole tip elements PT1b and PT2.
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11 A'nmethod as claimed in claim10 includi ng: [H directi ng

Singlo angle [orr] and - "Cthe anglesferr] being 'n° B

Oferr]<[err]<60[err]. 12 A mdthod as claimed in claim10°
i ncl udi ng: 31. A method as claimed in ciaim 28 inciuding:

before the step of depos_iting said another magnetic layer. depositing a gap laver G on
top of said at least onel magnetic layer to cover the undefined pole tip portion of the bortom
pole piece P1;

the step of depositing the gap layer G providing the gap layer with a thickness g in
the range of 0.1 um 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 inciuding:
the step directing at least one ion beam consisting of directing a singie ion beam at

a single angle 6.

33. A method as claimed in claim 28 inciuding;

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

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

the second ion beam being at an angle 8 in the range of 60°<§<85°.

34. A method as claimed in claim 33 inciuding:

the first ion beam being at an angie  in the range of 20°<§<40°.

35. A method as claimed in claim 34 inciuding:

s —
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31 the step of directing at |east one ion beam conpr,igsi

directing first and second ion beans: the first |(1r|n'|iﬁ"mllwrj||””“|
at an angle [err] in the range of 20[err_]_<43¢grr]<40[err] and "5TTe L s %
second i on beam being at an angl.e [err] iTthe range of

65[ err] <[ er r ] <8%eefins} ion beam being at argangie\drodtshiotianially 138Pand i n cl ai m
12i ncl udi ng:

the second ion beam being at an angle 6 or substantially 75°.

36. A method as claimed in claim 28 inciuding:

the step of directing at least one ion beam reducing the thickness or the pole tip layer
PT2; and |

the step of depositing the pole tip element PT2 including depositing the pole tip laver
PT2 with an additional thickness. the additional thickness 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 berween 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 ciaimed in claim 37 inciuding:
the step directing at least one ion beam consisting of directing a single ion team at
a single angle 6: and

the angle 6 being in the range of 0°<§<60°.

39. A method as claimed in claim 37 inciuding:

This is the replacement sheet

Date: 30 SEP 1895

This Sheet Has Been Reﬂlaced




t-he\fi"rst I on beam being at an angle [err] of substant
the second ion beam being at an angle [err] of substan ﬂ Hln‘ [L"II!I

14 A method as clained in cIa|m13|ncI

of depositing sa no 03| \ G on. top
of said at Ieasth%ﬁtg ﬁggﬁsﬁtff@gﬁ%i’éf"‘i‘? 80??3‘?‘? Drfhrtg? %chgg flgskeantd FeHE PPon
of the bottom pole piece P1: the step of depositing the gap | ayer

G provi di ngpeamisayer t hi ckness that provides the gap
the first ion beam being at an angle 6 in the range of 20°<6<40°; and

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

40. A method as claimed in claim 39 inciuding:
the first ion beam being at an angle 6 of substantially 50°; and

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

41. A method as claimed in claim 40 including:

before 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 _depos_iting the gap laver G providing a layer thickness that provides the gap
G with a length g at the ABS: and

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

42. A method as claimed in claim 41 inciuding:

the first and second ion beams being directed simultaneously.

43, A method as claimed in claim 41 including:

the first and second ion beams being directed sequentially.
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Gwith alength g at the ABS: and the length of the pole tip
el ement PTIb at the ABS being substantially 2.0g

secrama nciamas nciung e et aod AIRANTRE

-40- A met hod as' cle

14 i ncl udi ng: the first and second 7Ton beans being directed
sequential ly.

44, A method as claimed in claim 453 including:

the step of directing at least one ion beam inciuding placing the bottom pole piece Pl
with the layers deposited thereon in an ion beam miiling chamber and rotating the bottom
pole piece P1 and the layers deposited thereon at a constant rpm while directing the ion beam

at the bottom pole piece P1 and the layers deposited thereon.

45. A method as claimed in claim 44 including:

the step of depositing. the gap layer G incluciing providing the gap laver G with a
length g‘in a range of 0.1 ym to 0.7 um; |

the step of depositing said another magnetic laver including depositing the pole tip
element PT2 with la_layer thickness of approximately 7 um:

the step of directing at least one ion beam including notching the bottom poie piece
P1 so that each notch is approximatelyf 0.7 um deep and.the pe_destai has a height of
approximately 0.7 um: and

the step of directing at least one ion beam reducing the thickness of the poie up

element PT2 approximately 2

46. A method of making a merged MR head which inciudes 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 layers G1 and G2 sandwiched berween the first and second shield layers S1 and

S2 and an MR element sandwiched between the first and second gap layers G1 and G2. and
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32

pi ece P1

and rotating the bottom

_ _ 17 ‘A method as clained in claim 16 t he
step of directing at l|east one ion beamincluding p g lm“mmm pol e

with the | ayers deposited there?n in an I en beam milsing chanb

the \mte head inciuding bottom and top pole pieces P1 and P2 which extend from an air
bearing surface (ABS) to and including a back gap_. the bottom pole pie_ge P1 comprising the
second shield layer S2, the bottom pole piece P1 having pole tip elements PT1a 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 which extend$ berween the ABS and the zero throat level, the pole tip
element PT1D being a pedestal with respecf to the second shield layer S2, the boftom pole P1
and the pole tip element PT1a. the second shield layer S2 comprising the pole tip elements
PTl1a and PT1b, a gap layer G sandwiched between the pole tip elerx;ents PT1b and PT2. and
each of the pole tip element PT2. the gap layer G and the pole tip element PT1b having first
and second vertical sidewalls. the first vertical sidewalls of the pole tip element PT2, the gap
laver G and the pole tip element PT1b lying contiguously in a first vertical plane and the
second vertical sidewalls of the pdie tip element PT2, the gap layer G and the pole tip
element PT1b lyving cbntiguousl_v in a secqnd vertical plane, the first and second vertical
planes being perpendicul& td the ABS and spaced ﬁom one 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 iayer from the ABS to and including the back gap to form:

(1) the sgcond shield layver S2 of the MR read head and

(2) the bottom pole P1 with an undefined pole tip portion between the ABS
and the zero throat level and a back portion between the zero throat level an.d the back gap;
‘depositing the gap laver G on top of the first magnetic layer from the ABS to the zero

throat level;
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pol e pi' ece P1 and the | ayers deposited thereon at a c ‘m“‘“ “‘“
directing the ion beam at the bottom pol e piece P1 . . sl
deposi ted thereon. 18 A et h_gi_has cl a: nea | Fca; _(:L(él: ud%g
i ncl udi ng: a d.he step of -depositin e gap |layer | ‘ i
provi di ng the ga‘bePPi%@Qf aéﬁﬁﬁ%%m‘éim&’lce]ﬁb‘frh %y 9 O theagafeiaser 6. and ebaventhe airg. 7
[err]m . the step of depositing sal.d anot her magnetic |ayer
i ncl udi ng dBRERSHE ila¥gT thommohe tap pole pleenBRWIRT2 devined pold fiy elenielit PRD QSciPhas
approximately 7 [err]m

first and second vertical sidewalls: and

directing at least one ion beam at 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 the ABS
and at an angle § to the first and second vertical sidewalls bf the pole tip element PT2 using
the poie tip element PT2 as a mask to notch the first magnetic layer on each side of the pole
tip element PT2. the notches leéving the first magnetic layer witl'_x a vertical pedéstal. the
vertical pedestai being the pole tip element PT1b and providing the pole ﬁp element PT1b
with 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 i:ole tip elements PT1b and PT2 being aligned in a first vertical plane and
the second sidewalls of the pole tips PT1b and PT2 being aligned in a second vertical plane,
the first and second vertical planes being perpendicular 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 inciuding directing the ion beém at the gap
layer G before directing the ion beam at the uhdeﬁned pole tip portion: and

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

of the role tip elements PT1b and PT?.
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the.step of di recti-ng at | east one ion beamincl udi ng—notching the hottom
pole piece Pl so that each notch is approximately 0.7 [err] m deep and the

pedestal has a height of approximately 0.7 [err]m a (M' mltu m p of
directing at | east one ion beamreduci ng.'lane t hi cknesg “HM' Il ﬂ"| F

el ement PT2 approximately 2 [err]m 19 A ket Hod tof "maki g a
merged MR head which includes an MR read head and a wite head. the M

read head incl udfng % msthodfg claimedhin slaire |46 ipelpding: S | and S2. first and

the step of directing one ion beam comprising directing first and second ion beams:
the first ion beam being at an angle 6 in the range of 20°<6<40°: and

the second ion beam being at an angle 6 in the range of 65°<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 layer to form the pole tip element PT2 including
depositing the pole tip element PT2 with an additional thickness. the additional thickness
being the reduction of thickness of the pole tip element PT2 caused by the step of directing
at leést 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 berween the zero throat level and the back gap leaving a
window in the mask between the ABS and the zer;> throat level to expose the defined pole

tip element PT2 and an area on each side thereof.

0. 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 ABS being in the range of 0.5¢ to * 0g.
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second gap layers Gl and & sandw ched between the first and second shield
| ayers S1 and S2 and an MR el ement sandwi ched bet vveem'lmmgmfum second

gap layers GL and &. and
the wite head including bottomand tepipol e pieces

33

extend froman air

beari ng surface (ABS) to and including a back gap, t he

bott om pole piece P 1 conprising the

51. A method as claimed in claim 30 inciuding:
the first ion beam being at an angle # of approximately 30°; and

the second ion beam being at an angle @ of approximately 75

A method as claimed in claim 51 including:

32

the step of depositing the gap laver G including depositing a gap laver G with a

thickness g in the range of 0.1 um to 0.7 um:
the step of depositing the pole tip element PT2 including depositing the pole tip

element PT2 with a layer thickness of approximately 7 um:

the step of directing the first and second ion beams including notching the first

magnetic laver with a depth which is approximately 0.7 um deep thereby providing the

pedestal with a height of approximately 0.7 um; and
the step of directing the first and second ion beams reducing the laver thickness of the

pole tip element PT2 approximately 2 um.

33. A method as claimed in claim 32 including:
the step of directing the first and second ion beams including placing the first
magnetic layer with the layers deposited thereon in an ion beam milling chamber and rotating

the first magnetic layer and the lavers deposited thereon at a constant rpm while directing the

ion beam at the first magnetic layer and the layers deposited thereon
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v __/
second shield | ayer S2. the bottom pole piece P1 having pole tip el errents
PTla and PTIb  which extend between the ABS and a .ze “m
the top pol e piece P2 having a pole tip el enent _PTZL@“‘ M “?mﬁ t ween
the ABS and the zero throat |evel. the pole tip el eent ¢ PTdb %eisng*a
pedestal with respect to the second shiet#hd ayer S2, the bottom pole P1

and the pole tig el apain e i engndsshtiise glayer S2 comprising the

pole tip el enents a an gap |ayer G sandwi ched between the

pole tip elements _PTl b and PT2., and each of, t.he t%?l e lSlI p el ement PT2. the
gap | ayer G andb fiest gad gecopd 1on beams, being direelcA SmUtaReaislY: ony second

vertical sidewalls. the first vertical sidewalls of the pole tip el enent
PT2. the gap .

35. A method as claimed in 33 including:

the first and second ion beams being directed sequentially.
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| ayer G and the pole tip elenent PTIb |ying contiguously in a first
vertical plane and the second vertical sidewalls of the pole tip el enent
PT2, the gap |ayer G and the pole tip el enent PT1b |ying contiguously in
a second verti.cal plane, the first. and second verti cal pl anes bei ng
perpendi cular to the ABS and spaced from qje another at the ABS by a

di st ance wto define the track width of The nerged MR head. the nethod of

maki ng conpri sing: depositing a first magnetic |layer fromthe "ABS
to and including the g ck gap to form (1) the second shield
| ayer S2 of the MRre ead and 59 (2) the bottompole P1 with
an undefined pole tip porth\on between ¥ he ABS '
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/
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and the zero throat "l evel and a back portion between the zero throat |evel
and the back gap; depositing the gap layer Gon top of the first
magnetic layer fromthe ABS to the zero throat 1evel;

34 depositing a second nmagnetic |ayer on top of the gap |ayer G

and above the first magnetic |ayer to_.30ormthe top pole piece P2 with a
defined pole tip elenent PT2 which has —
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first and second vertical sidewalls: and di rect i Rds Bden R d one
ion beamat the first magnetic layer in an area of tA&Ss AT ole tip
portion of the bottompole P1 in a direction which is

parallel to the ABS and at an angle [err] to the fir ond .
vertical sidewalls of the pole tip eIenent_@IZ usi ng the pole tip el ement
PT2 as a nmask to notch the first nagnetic |-&yer on each side of the pole
tip element PT2. the notches leaving the first magnetic layer wth a
vertical pedestal. the  vertical pedestal being 4®e pole tip el enent PTlIDb
and providing the pole tip elemenS2PTIb wit I rst and second vertical
sidewal I s. and the nmagnetic Iayer7OPE§:the edesngqsbetmeen t he -

!
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ABS.and the zero throat
first vertical
aligned in a first vertical

| evel

pl ane and

conprising the poie tip el enent PTla.

tips PTIb and PT2 being aligned in a second vertical

second verti cal

sidewal | s of the pole tip elenents P'ﬁhbsmdiapmé_énﬁﬁ“

the second si degml ‘ﬂl
pl anes bei ng perpendicul ar t#-the ABS and spaced from one

t he

ol e

st and

another at the ABS to define the track width w of the mer ged MR head:

- 20

directing at | east one i.on beam i ncl udéEg directing the i

A nmethod as claimed in claim19 inciuding:
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ep of directing at |east one ion beam pra

|ayer Gwith first and second vertical Sidewalls which ar
r espect i(yg.iiggtSEngQ&cond vertical sidewalls of the pole

| ayer G befor ' inedt slWeeti on beam at t he undefi ned polrsis $te
ana” CThs & fig teplacbing M
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35 . This is the replacament Bi®elas clainmed in claim 19 i ncI uey; gneemasBeenRe\
step of directing one ion beam conprising directing fi rst

beans rst ion. beam being at an angle [err]
20[6”]04’(8”]3&0?9?}495 and t he second i on beam be an angl e
[err] in the range of 65[err]<[err]<85[err]6- 22 A net hod as
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formthe pole tip elenment PT2 including
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directing at least one ion beam and ~ -7- before
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ti ppgk egren repravemant €8t ea on each side thereof .

as clainmed in claim 22 including:

o oesere” aestehes '

ABS being in the range of 0. 5g to 3.0g.

FIG. 17
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36 This Is the replpcement.

sheel

met hod as clained in claim23 |nclud1—1=rg\_t_he_

FIG. 23
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This s the replusement sheet
thickness g in the range of 0.1 [err[mto 0.7 [err]m

Gatmnerg 70 IR

le tip el ement PT2 including depositing th
. a layer thickness of approximately 7 [err]

step of directing the first and second ion beans including
first magnetic layer with a depth which is approximately 0.7 [err]mdeep .

with a height of apR®MOwEely 0.7 [err]m
and t he stapOPOREIISCting the first and sem)mi
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26 " A method as claimed in clai m 2his icthedieRpee™e the step of

di recti ng—thefirst—and—second i on beans including placing the first
magnetic layer with the |ayers deposited_t _ereslg ?EPaﬁS%on beam m | 1ing
chanber and rotating the first rragneticDP er-~and the layers—deposited
thereon-at a constant rpm while directing tiie ion beamat the first
magnetic | ayer and the | ayers deposited thereon.
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37 277 A nm@@sitmsremlaﬁ%%!“ﬁ‘?’ﬂ aim26 including: the firs

i on beans being directed sinultaneously. - 28 A net hod

i ncl udi ng: tt)h%fisgtsepqg%cond i on beans being directed s%
ate: . o
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- 38- the first ion beapmgegu@aaplaﬁe"éﬁfﬁlsg‘efgrr] of substantially 30:

and the second ion beambeing at an angle [err] of substantially

75. _ 36. A nmet hod as _qlw % aim 28 i ncl udi ng: t he

;s_tepl.of directing at |east on®ai®n: r cing.the thickness of the pole
ol ayer ( ucl.

THIN FILM MERGED MR HEAD WITH ALIGNED POLE TIPS
ABSTRACT

A merged MR head is provided which has vertically aligned sidewalls

so as to minimize side-fringing and impose off-track performance.
The bottom pole piece P1l, which comprises the second shield layer
s2 of the read head, has a pedestal pole tip with a short length
dimension. A pedestal pole tip with a length as short as two times
the length of the gap layer G optimally minimizes the sidewriting
and improves off-track performance. The bottom pole tip structure
of the write head is constructed by ion beam milling using the top
pole tip structure as a mask. The ion beam milling is directed at an
angle to the sidewalls of the top pole tip structure which causes
the bottom pole tip structure to be milled with sidewalls which
align with the top pole tip structure.



PT2;: and the step of depositing the pol ¢ tiRERLAGEMENPRHEETS udsdg
depositing the pole tip.layer PT2 with an addi}i@dgsctiptiancragsd 7T he paged 7.
addi tional thickness being the reduction of thipKAddsingf) t:hegadle bigaged ..
el ement PT2 caused by the step of directing at M&Wﬂg(ﬂ)qrpa@&am.m 'pa,rz'ed.l '
37. A nethod as clained in claim 36 includingl O Abstract be&gggfthgoihgaiof}

directing at |east one ion beam depos$iting a npsk over the pole piece P2

| ayer between substantially the zero throat |evgl En PALK 0 ap! '
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in the nmask between the ABS and the zero throat level to expose the defined

pole tip elenment PT2 and an area on each side thereof. 38. A
et hod as clainmed in claim 37 including: : the step directing at

| east one ion beam consisting of directing a single ion beamat a single
angle [err]: and the angle [e2r] being in the range of

O[err]<[err]<60[err]. 112 72

112 T4

i N~ 70

73
BG— T+ !




39. A method as claimed in claim37 including:

- 39- the step of directing at |east one ion beam conprising
directing first and second ion_ beans: the first ion beam being at
an angle [err] in the range of 20[err]<[err]<40[err]; and t he
second ion beam being at an angle [e r3| in the range of

. 65[err]<[err]<85[err]
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*20. A nmethod as clainmed in claim39 including: the first ion beam

being at an angle [err] of substantially 30; and the second ion
beam-being at an angle [err] of substantially 75. 41. A et hod
‘as claimed in claim40 including: before the step of depositing

sai d anot her nmagnetic | ayer. depositdng a gap layer Gon top of said at
| east one magnetic |ayer to cover rﬁ'—undeflned pole tip portion of the

bott om
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pol e pi ece PI1: "~ the step of depositing the gap |layer G providing a
| ayer thickness that provides the gap Gwith a length g at the ABS. and
the length of the pole tip elenent PTlb at the ABS being substantially
2. 0g. 42. A method as clainmed in claim4l including:
the first and second ion beans being dir®cted sinultaneously.
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43

A nmethod as claimed in claim4l including:

second ion beans being directed sequentially.

NORMALIZED HEAD FIELD

44,
nmet hod as clainmed in claim43 including: -
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lhe.step of directing at | east one ion beamincluding placing the bottom

pol e piece P1 with the | ayers deposited thereon in an ion beammlling
thanber and rotating the bottom pol e piece P1 and the | ayers deposited
thereon at a constant rpmwhile directing, the i on beam at the bottom
pol e piece P1 and the | ayers deposited_LgéLeon. 45, A net hod
as clainmed in claimd44 including: the step of depositing the gap
| ayer G including providing the gap | P QN a length g in a range -
of 0.1 [err]mto 0:7 [err]m G
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the step of depositing said another magnetic |ayer including depositing the

pole tip el emrent PT2 with a layer thickness of approximately 7 [err]m
the step of directing at | east one ion beamincluding notching the bottom
pol e pi ece P1 so that each notch is approximately 0.7 [err]m deep and
t he pedestal has a hei ght of approximately 0.7 [err]m and -
the step of directing at | east one o beam r educi ng the thickness of the
pole tip el ement PT2 approximately 2 [err]rrb o
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46. A nmethod of making a nerged MR head which includes an MR read head

and a wite head. the MR read head including first and second shield
tayers S1 and S2. first and second gap layers GL and & sandw ched
between the first and second shield | ayers S1 and S2 and an MR el enent
sandwi ched between the first and secon@ gap layers GL and &. and Thi s
I's the replacenent sheet —
| 30;
/90
88~ PT2 o
| 75
78 O~} 79
\  80~—"PTib 82 |
p1/s2  PTla P1/S2 2
FIG. 21
____] 90 |55°
88~._ | //
PT2
- G '
84 O\t —86
g ———————— P1/S2——~"""""77 2
FIG. 22

88~ pT2 / y
G
78 RN 79
(" 80~T1%71p 82 )
P1/S2 - PTla P1,/32

FIG. 23




““41- the wite head including bottomand top pole pieces P1 and P2 which
extend froman air bearing surface (ABS) to and including a back gap, the
bottom pol e piece P1 conprising the second shield |ayer S2, the bottom
pol e piece P1 having pole tip elements PTla and PTIb which extend between
the ABS and a zero throat |evel and e top pole piece P2 having a pole
tip elenment PT2 which extends betwees—t+he ABS and the zero throat |evel. .
the pole tip elenent PTlb being a pedestal with respect to the_second
shield | ayer S2, the bottom pole P1 and the pol gl'p el enEnt",E’gﬂa. t he
e

second shi el d | ayer—S2—eorpr+i ng t he pol e tip e /
P2 PT2 P2
- FIELD FIELD
P2 P2 P2 . l ]
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PTla and PTl b, a gap |ayer G sandw ched between the pole tip el enents PTlb
and PT2 and each of the pole tip elenment PT2. the gap layer G and the
_bole tip elenent PTIb having first and second vertical sidewalls. the
first vertical sidewalls of the pole tip elenent PT2. the gap ‘| ayer G and
the pole tip element PTlb lying contiguddsly in a first vertical plane and
the second vertical sidewalls of the polée tip elenent PT2. the gap |ayer G
and the pole tip elenent PTlb Iying contiguously in a second verti cal

pl ane, the first and second vertical planes being perp eyl ar to the ABS
and spaced fromfonme anottier—aj the ABS by a distagge,-mht .Lne1§n3 track
w dth of the nefgfd VR nead] {he nethod of maki @ sqprhsi o
' o 7
P2 P2 P2 P2
- J FIELD | |FIELD
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P2 _ ([3 114 PT2b 116
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:hepositing a first magnetic layer fromthe ABS to and including the back

gap to form (1) the second shield | ayer S2 of the MR read
“*head and (2) the bottompole-P 1 with an undefined pole tip
portion between the ABS and the zero throat |evel and a back portion
between the zero throat |evel and the fmck gap; depositing the gap
| ayer G on top of the first nmagnetic Tayer fromthe ABS to the zero throat
| evel ; —_ —
RW
120
118~ A.éPTZa
/116




-42- depositing a second magnetic | ayer on top of the gap |ayer G
and above the first magnetic layer to formthe top pole piece P2 with a
defined pole tip element PT2 which has first and second verti cal '
sidewal I s: and directing at | east one ion beamat the first
magnetic |layer in an area of the undefined pole tip portion of the bottom
pole P1 in a direction which is substafitirally parallel to the ABS and at
an angle [err] to the first and second vertical sidewalls of the pole tip

el ement PT2 using the poie tip element PT2 as a mask to notch the first
magnetic | ayer on each side of the pole
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[ e eceaved on |- 8 44 ,

ti p'el ement PT2. the notches leaving the first magnetic |ayer W|th a

“vertical pedestal. the ~vertical pedestal
and providing the pole tip elenent PTlb

being the pole tip el ement PTI
W th first and second verti cal

b

and the magnetic layer. less the pedlestqiEle;\@EmmrtsmETsABSs@nd

1 A method of making a merged MR head which has a top and a bottom. the top
and bottom of the merged MR head being tounded in part by an air bearing surface (ABS),
the method comprising the steps of:

depositing at least one magnetic laver 1o form a second shield layer S2 of an MR head

and a bomom pole piece P1 which extends irom an air bearing surface (ABS) 10 and including.

dewal | s.
flhe zero throat |evel conprising the pole2fip e .f..'.'i& agzggﬁ
verti cal sidewal I s of the pole tip elcanens P ,I ﬁ‘ﬁ:’%@ :
a first vertical plane and t he secolnd IS| dgvval g d PS ed""p'dd e
2 being aligned in a second vertical plane. & to page
\Ij-cla-rtical gpl angs bei ng perpendicular to the ﬁBS f E}bggge? LdrPSNRoEé
another at the ABS to define the track width wp Dt OF A uipt | ?T%zl‘pf_,_
WE CLAIM:

a back gap, the bottom pole piece P1 having an undefined pole tip portién which extends

berween the ABS and a zero throat leve;i:

depositing another magnetic layer to form a top pole piece P2 above the bottom pole

piece P1 from the ABS to and including the back gap,. the top pole piece P2 being formed -

with a derined pole tip element PT2 which extends between the ABS and the.zero throat level
and which has first and second vertical sidewalls: and

directing at least one ion beam ar the undefined pole tip portion or the bottom pole
piece P1 at an angle 6 to the sidewalls of the defined pole tip element PTZ. using the defined
pole tip element PT2 as a mask. to verticaily notch the bottom pole piece P! on each side of
the pole tip element PT2 to t'orm the bottom pole; ;Jiece P1 into pole tip elements PT1a and

PT1b. the pole tip element PT1b being a pedestal with respect to bottom pole piecé Pl and




as claimed in claim46 including: “the step of
grrectﬁnge;'?oldeast one ion beamincluding directing the ion beam attfthﬁ_ gap
| ayer G before directing the ion beam at t he undefined pol e tip po[ hl o] 2
and the step of directing at least one ion beam providing g e tghp
| ayer Gwith first and second vertical 38dewalls which are aligned w

respect i vehaving firsand sseond dervieitsidenValls WRMAlk Slighld SRS LiReSLETENLS)
PTIb and PT2.
' sidewalls respecuvelv of the pole tip element PT2.

_2_ A method as claimed in claim 1 including:
before the step of directing at least one ion Eeam at the undefined poie tip portion of
the bottom pole piece P1, depositing a photoresist mask on top of the top pole piece P2:
providing an opening in the photoresxst mask which exposes the defined pole tip
element PT" and an area on each side 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 bowtom pole piece P1.

3 A method as claimed in claim ; including:
before the step of depositing said another magnetic layer, depositing a gap layer G on
top of said at least one magnetic laver to cover the undefined pole tip portion of the bortom
pole piece Pl:
the step or directing at least one ion beam inciuding directing the ion beam at the gap
lay_er G before directing the ion beam at the undefined pole tip portion or the bottom pole
pie.ce Pl: and
zf{e step of directing at least one ion beam providing the gap laver G with first and
second vertigal sidewalls which are aligned with respective first and second vertical sidewalls

of the pole tip elements PT1b and PT2.



A [ [ [ [ di ng: t he
-43- 48. A method as clainmed in claim46 inclu _
s‘fgp of directing one ion beamconprising directing first and second i onf
beans: the first ion beambeing at an angle [err] in the rangeI o]
20[er'r] <[ err]"<40[err]: and the segopnd ion beam being at an angle
[err] in the rgnge of 65[err]<[err]<85[er+].

= A method as ciaimed in ciaim 1 .inciuding:

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

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

pole piecé P1;
the step of depositing the gap layer G providing the gap layer with a thickness g in
the range of 0.1 um to 0.7 pm. at the ABS: and

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

5 A method as claimed in claim 1 inciuding:

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

a single angle 4.

6 A method as claimed in claim 1. inciuding:

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

beams:

the first ion beam being at an angle @ in the range of 0°<4<60°; and

‘ the second ion beam being at an angle 6 in the range of 60°<4<85°.

2 A method as claimed in claim 6 inciuding:

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

\ . 8 A method as claimed in. claim 7 including:



49. A nmethod as claimed in claim48 including: “the step of
directing the first and second ion beans reducing the thickness of the pole
tip element PT2: and the step of depositing the magnetic |ayer to
formthe pole tip element PT2 including depositing the pole tip element
PT2 with an additional thickness, the add2fional thickness bei ng the
reduction of t hihemsiden béam beingadt @ntanpleed ofreustabiizllic 05 egdby the step of
directing at |east one ion beam and

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

A method as claimed in claim 1 inciuding:

the step or directing at least one ion beam reducing the thickness or the pole tip laver
PT2; and

the step of depositing the pole tip element PT2 including depositing the pole tip layer
PT2 with an additional thickness. the additional thickness being the reduction of thickness of

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

10 A method as claimed in claim 9 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 berween the ABS and the zero throat level to expose the defined pole tip element

PT2 and an area on each side thereof.

11 A method as claimed in claim 10 inciuding:

—

the step directing at least one ion beam consisting of directing a single ion beam at
a single angle 8: and

the angle 6 being in the range of 0°<§<60°.

12 A method as claimed in claim 10 including:

——



‘ [ [ [ [ . depositing a
efore the step of directing the first and second ion beams
gask over the ptop pol e piece P2 substantially between the zero throat
| evel and the back gap leaving a w ndow in the mask between the ABS and
the zero throat | evel to expose the def1ned pole tip element PT2 and an

h si, thod as clained in claim49
area an each sifeukPeE 83leuine o Inps o On ooy sonats oo B e fiensrdl o oy

t hi ckness,that pr.ovides the cap Gwth a length g at the ABS and
' beams: " - _

the first ion beam being at an angle 4 in the range of 20°<4<40°; and

the second ion beam being at an angle 4 in the range of 65°<6<85°.

13 A method as claimed in claim 12including:
the first ion beam being at an angle 6 of substantially 50°; and

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

14 A method as claimed in claim 13including:
before the step of depositing said another magnetic layer. depositing a gap layer G on
top of said at least one magnetic laver to cover the undefined pole tip portion of the bottom
p;ole piece PI:
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 ABS being substantally 2.0g.

15 A method as claimed in claim 14 inciuding:

the first and second ion beams being directed simultaneously.

16 . A method as claimed in claim 14 including:

the tirst and second ion beams being directed sequentially.



f
helenth of the pole tip elenment PTIb at the ABS being in the range o
E)Sgtog[err] P P 51. A nethod as clainmed in claimb50

i ncl udi ng: the first ion beam being at an angle [err] of

approxi mately 30; and the second ion beam being at an angle [err]
of approxi mately 75. _ 32

17 .‘ A method as claimed in claim 16 including:

the step of directing at least one ion beam inciuding placing the bontom pole piece P1
with the layers deposited thereon. in an ion beam miiling chamber and rotating the bottom
pole piece P1 and the layers deposited thereon at a constant rpm while directing the ion beam

at the bottom pole piece P1 and the layers deposited thereon.

18 A method as claimed in claim 17 including:

the step of depositing the gap layex; G including providing the gap layer G with a
length g in a range of 0.1 pm to 0.7 pm;

the step of depositing said another magnetic laver including depositing the pole tip
e}ement PT2 with a layer thickness of approximately 7 um:

the step of directing at least one ion beam including notching the bortom pole piece
P1 so that each notch is approximatel}f 0.7 um deeg and the pedestal has a height of
approximately 0.7 um: and |

the step of directing at least one ion beam reducing the thickness of the pole tip

element PT2 approximately 2 um.

19 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 shieid lavers S1 and S2, first and
second gap layers G1 and G2 sandwiched between the first and second shield layers S1 and

S and an MR element sandwiched between the first and second gap layers G1 and G2, and



52.

A method as clainmed in claimb51 including: the step of
depositing the gap layer G including depositing a gap layer Gwith a
thickness g in the range of 0.1 [err[mto 0.7 [err]m the step of
depositing the pole tip el enent PT2 i ncl ygli ng depositing the pole tip
element PT2 wth a |layer thickness of approximately 7 [err]m t he

step of dithestitngeadhimciudingt baind st wpdpolerpideaPd dndcPUditigh sabehiBm LDsir

first

magnetic layer with a depth which is approximately 0.7 [err]mdeep

thereby prexish i8fat&EABS) to and including a back gap, the bottom pole piece P1 comprising the

second shield layer S2, the bortom pole piece P1 having pole tip elements PT1a and PT1b
which e:_tt_g_nd between the AB.S and a zero throat level and the top pole piece P2 having a -
pole; tip element PT2 which extends berween the ABS and the zero throar 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
PTla and PT1b, a gap laver G sandwiched between the pole tip elements PT1b and PT2. and
each of the pole tip element PT2. the gap layer G and the pole tip element PT1b having first
and second vertical sidewalls. the first vertical sidewalls of the pole tip element PT2, the gap
layer G and the poie tip element PT1b lying contiguously in a first verticﬁl plane and the
second vertical sidewalls of the pole tip element PT2, the gap layer G and the pole tip
element PT1b lying conti‘guousiy in a second vertical plane, the first and second vertical
planes being perpendicular to the ABS and spaced from one another at the ABS by a distance
w 1o define the track width of the merged MR head. the method of making comprising:
depositing a first magnetic layer from the ABS to and including the back gap to form:
(1) the second shield layer S2 of the MR read head and
(2) the bottom pole P1 with an undefined pole tip portion between the ABS
and the zero throat level and a back portion between the zero th.roat level and the back gap;
depositing the gap layer G on top of the first magnetic Iayer from the ABS to the zero

throar level;



) : : : he step of
edestal with a height of approximately 0.7 [err]m and ot
girecting the first and second ion beans reducing the |ayer thickness OL 4
the pole tip elenent PT2 approximtely 2 [err]m _ 53. A][n_et o]
as claimed in claim52 including: 34 he step of directing the first
and. second ion beans including.placing th1_a f! rst nmagnetic | ayer wi th the
| ayers deposi t etFPPHERE GricFendamagratichlayen o kdg oy thehgaph &aven @l and abdvengie tirke
first magnetic |layer and the |ayers deposited thereon at a constant rpm
whi | e di r emagnegicddyer to form the top pole piece P2 with a defined pole tip element PT2 which has
first and second vertical sidewalls; and
directing at least one ion beam at the first magnetic laver in an area of the undefined
pole tip portion of the bottorn pole P1 in a direction which is substantially parallel to the ABS
and at an angle § to the first and second vertical sidewalls of the pole tip element PT2 using
the poie tip element PT2 as a mask to notch the first magnetic layer on each side of the pole
tip element PT2. the notches leéwing the first magnetic layer with a vertical pedestal. the
vertical pedestal being the pole tip element PT1b and providing the pole tip element PT1b
with 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 PT2 being aligned in a first vertical plane and
the second sidewalls of the pole tips PT1b and PT2 being aligned in a second vertical plane,

the first and second vertical planes being perpendicular to the ABS and spaced from one

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

20 A method as claimed in claim 19 inciuding:
the step or directing at least one ion beam inciuding directing the ion beam at the gap
layer G before directing the ion beam at the undeﬁr_xed pole tip portion: and
:he step of directing at least one ion beam providing the gap layer G with first and
second vertical sidewalls which are aligned with respective first and second vertical sidewélls

of the role tip elements PT1b and PT2.



lon beamat the first nmagnetic |ayer and the | ayers deposited thereon.
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54. A nethod as clainmed in ciaim53 including:

the first and second ion beans being directed sinultaneously.
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21 A method as claimed in claim 19 including:
the step of directing one ion beam comprising directing first and second ion beams:
the first ion beam being at an angle 4 in the range of 20°<4<40°: and

the second ion beam being at an angle 4 in the range of 65°<4<835°.

22 A method as claimed in claim 21 inciuding:

the step of directing the first a1_1d second ion beams reducing the thickness of the pole
tip element PT2; and

the step of depositing the magnetic layer to form the pole tip element PT2 including
depositing the pole tip element PT2 with an additional thickness. the additional thickness
being the reduction of thickness of the pole tip element PT2 caused by the step of directing
a.f least one ion beam; and | |

before the step of directing the first and second jon beams. depositing a mask over the
top pole piece P2 substantially between the zero throat level and the back gap leaving a
window in the mask between the ABS and the zero throat level 1o expose the defined pole

tip element PT2 and an area on each side thereof.

23 A method as claimed in claim 22including:
the step of depositing the gap layer G pfoviding 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 ABS being in the range of 0.5g to 3.0g.



55.. A nmethod as clainmed in 53 including: the first and second

i on beams being directed sequentially.
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24 " A method as claimed in claim 23'including:
the first ion beam being at an angle  of approximately 30°; and

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

25 A method as claimed in claim 24'including:

the step of depositing the gap laver G including depositing a gap laver G with a
thickness g in the range of 0.1 um to 0.7 um:

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

the step of directing the first and second ion beams including notching the first
magnetic layer with a depth which is approximately 0.7 um deep thereby providing the
pedestal with a height of approximately 0.7 um; and

the step of directing the first and second ion beams reducing the laver thickness.of the

pole tip element PT2 approximately 2 um.

26 A method as claimed in claim 25 including:

| the step of directing the first and second ion beams inciuding placing the first
magnetic layer with the layers deposited thereon in an ion beam milling chamber and rotating
the rirst mag_netic layer and the layers deposited thereon at a constant rpm while directing the

ion beam at the first magnetic layer and the lavers deposited thereon.
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27 A method as claimed in ciaim 26 including:

the first and second ion beams being directed simultaneously.

28 A method as claimed in 26 including:

the first and second ion beams being directed sequentially.
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