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THIN FILM INDUCTIVE READ WRITE HEADS HAVING NARROW WRITE TRACK
_ WIDTH AND lMETHODS FOR THEIR PRODUCTION AND USE .
by
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~ Timothy Moran

BACKGROUND OF THE INVENTION

1. Field of the Invention

. The present invention generally relates to thin film inductive read-write heads for use in magnetic -

storage systems. More particularly, the present invention is directed to lﬁgh throughput methods

" for the rapid production of thin film inductive read-write heads having very narrow write track

~widths, to inductive read write heads so produced, and to the associated apparatus and methods

for their use.

2. Description of Related Art -

In magnetic disk drives, data is written and read by magnetic transducers called “heads.” The
magnetic disks are rotated at high speeds, producing a thin layer of air called an air bearing

surface (ABS). The read and write heads are supported over the fotating disk by the ABS, where

| they either induce or detect flux on the magnetic disk, thereby either writing or reading data.

Layered thin film structures are typically‘ used in the manufacture of read and write heads. In write
. ..1 . )
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" heads, thin film structures provide high areal density, which is the amount of data stored per unit

of disk surface area, and in read heads they provide high resolution.

A thin film write head comprises two pole pieces, a top pole piece P1 and a bottom polg piece P2.
A wirite head generally has two regions, denoted a pole tip region and-a back region. The pole
pieces are formed from thin magnetic material films and cdnverge in the pole tip region ata
magnetic recordmg gap, known as the zero throat level, and in the back region at a back gap. The
zero throat level delineates the pole t1p regmn and back region. A wnte head also has two pole
tips, P1T and PZT, as_soclated with and extensions of P1 and P2 respectively. The pole tips, which
are-rela’dvely defined in their shgpe and size in conﬁ'qst to the polé pieces, are separated by a thin
layer of insulaﬁpn material such as alumina, referred to as a gap. As a rnagnetic didk ié spinm'ng
beneath a wrife head the P2 pole tip trails the P1 pole tip and .is therefore the last to induce fluxon .
the disk. Thus, the P2T dimension preddminantly defines the wnte track width of the_write head,.

and ié generally considered an important feature.

The write track widtn, P2B, is especially important because it limits- the Iareal density of a
magnetic disk. A narrower track width translates to greater tracks per inch (TPI) written on _ﬂle
disk, nvldich m turn trénﬂates to greater areal density.. However, w1th presenf manufacturing -
methods for read-write heads, the ability to produce v&y narrow track widths is limited. These

limitations will be further explained with reference to a specific type of inductive head.

Inductive heads commonly employed at present ardmagnetoresistive (MR) Isensors, which are

ldighly sensitive to changes in r'nagnetic' flux on a disk wntten by inductive write heads. An MR

sensor comprises a thin film layer s.andwiched between bottom and top insulation layers, or gaps,.
2-
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which are m turn sandwiched between ‘bottom and top shield layers, S1 and S2. An MR head can
read information on a magnetlc disk w:th much narrower track w1dths an much higher fidelity
than other known types of read heads. The apparent ab111ty of MR sensors to read VEry narrow
track widths may enable the use of narrow track width write hgads and therefore lead to high areal
densities. While this advantage has been sought through the use of photoresist frame piati_ng and
ion beam milling of write heads, manufacturing heads with very néuow P2B track widths remainé

a significant challenge.

A particular.typt_a of MR head is a merged MR"head. A merged MR head_ uses the top shield S2 of
the MR head as the bottom pole P1 of the write head. Thus, this layer is shared by each of the read

and write heads. While merged MR heads have a high capacity for both reading and writing, they

- are limited in the narrowness of the track width they may utilize because they have been found to -

;posses"s 'large sidé-fri_nging ﬁelas during recordiri'g. These fields are caused by diﬂ‘erénces in PIT
and P2T widths. The fnngmg field, caﬁseci by flux le#kage from P2 to P1 beyond the width of P2,
is the portion of the maglleﬁc field which extends toward the tracks adjacent to the tracks being
written. The fringing fields require lower TPI in order not to impinge adjacent tracks, thereby.

limiting the achievable areal densitj

Prior art practitioners have sought tc; reduce fringing fields in merged MR heads. 'fypicaily; this

involves maﬁufacuning heads with vertibal!y aligned PI1T and P2T side walls. A method

exemplary of one which addresses this issue is found in U.S. Patent 5,438,747, entitled “Method

of Making a Thin Film Merged MR Head With Aligned Pole Tips,” incorporated herein by |

referénce. Manufacturing techniques directed to achieving P1 and P2 pole tips _of substantially
. N
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similar widths do effectively reduce the fringing field. However, they may be unfortunately
limiting in their ability to produce substantially narrow P2B track widths. Therefore, while the
capacity for high areal density is preserved through manufacturing methods which are aimed at

reduction of fringing fields, it may actually be hampered by those same manufacturing methods

| which place an undesirable lower limit on the size of P2B write head track width. Furthermore,

they produce an additional manufacturing burden in the form of cleanup of redeposited material,

which f:ranslates' to greater time and higher production costs.

Other MR head manufacturing methods have addressed the issue of reducing the write track |
w1dth An example 1s U.S. Pafent 5,726,841 entiﬂed, “Thin Film Magnetic Head With Trimmed
Pole Tips Etched by Focused Ion Beam for Undershoot Reduction,” incorporated herein by
reference While the use ofa focused ion beam tool (FIB) may effectlvely produce a narrow P2B

track width, the technique would be performed a separate time for each head. -In typlcal

manifacturing processes which develop more than 20,000 heads per wafer, use of FIB is not

feasible.

As preﬁously mentioned, other methods for manufacturing heads with vertically aligned rrole tip
side walls inclurle forming the P2 pole tip either by photoresist frame plating or ion beam milling.
In these cases, the P2T is plated with additional thickness as it is used as a mask during the
processing which trims the pole tip width, removing pole tip thickness in the process. Sufficient
pole tip thickness must be retained throughout the milling process for a pole tip to have a suitable
aspect ration. Aspect ratia is the thickness / width of a pole tip, and should generally be greater

than about 2. The width of the pole tip P2B that may be fabricated by present methods is limited,

4-
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then, by the amount of pole tip thickness that may be lost during pole tip width milling, This, and
other limitations inherent to current manufacturing technology, reates significant challenges in the

production of very narrow pole tip read/write heads.

SUMMARY OF THE INVENTION

. It is a purpose of the present invention to imprové the current limitations known in read-wfite

head track widths incurred by practical limitations of current manufacturing methods. Specifically,

an object of the present invention is to improve write head track width. by néarly an order of

| magnitude.

The invention utilizes a prehmmary milling step before standard P1 notching in order to create a
P2B track width that is substantially sub-micrometer and narrower than that which could
previ_oﬁsly' be realized. Larger amounts of P1 material may then be removed during P1 milling

procedures, the write h'ack‘dir'nens'ion having already been reduced.

Itisa ﬁlrther object of the invention to produce the narrow write track heads by a method that

. enables high throughput manufacturing. A preliminary milling step may be utilized on a 'wa'fer n

a high throughput manufacturing system, wherein the write track width P2B ‘may be milled to a
very narrow dimension before it is divided into multiple heads. The invention thereby enables a
novel application of a preliminary precision milling step to substantially reduce the write track

width of many heads on a single substrate.

The preliminary milling step of the present invention occurs befére standard P1 notching. It

employs a wafer manufacfuring process such as ion beam milling to perform P2 pole trimming
-5
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. and mill the lwrite track width prior to P1 notching. The write track width is milled at an angle,

r)referably 45° to 85° from the wafer normal, effecting a precise removal of material. As used in
this speciﬁcation, the term “wafer normal” refers to a riirection substanﬁally perpendicular to the

piane 1n which the wafer is oriented. The precisidn P2B milling-méy then be followed by less
precisra, corrvehtional P1 milling, which provides alignment of PIT and P2T sidewalls for

reduction of fringing fields.

The present inrlention, therefore, yields several 'surprising advantagés over the prior art A thin
ﬁhn inductive read write head manufactured ‘according to a rﬂéthod ekemplary of the invention
will have a write track significantly less than that which has been prevrously known. This will

yield a substantral increase in the areal storage of mégnetic disk drives. Furthermore the present |
mventron enables high throughput manufacturrrxg systems for producing large quantities of the

narrow write track inductive heads.

The foregoing and other objects, features, and advantages of the present invention will be apparent
from the follbwin’g detailed descﬁption of the preferred embodiments which makes reference to

several drawing figures.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure lisa éidé view of a typical thin film merged MR head.

Figure 2 is an ABS view of a typical thin film merged MR head taken along plane II-1II. -
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" Figure 3 is a schematic of an exemplary ion beam chamber.

Figure 4 is an ABS view of a first implementation of a preliminary ion beam milling step .

according to an embodiment of the present mvention.

Figure 5 is a graph which depicts the ratio of amount of P2T that is removed during the inventive

P2B mllhng step to th_é time spent utiliZing the P2B milling step.

Figure 6 is a plot of P2B write track widths vs. amount of time utilizing the inventive P2B milling

step.

Figure 7 is an ABS view of a different implementation of a preliminary ion beam milling step

* - according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the following' _déscription of the preferred embodiments reference is made to the accompanying,

" di'awings which fo_rm the part thereof, and in which are shown by way of illustration of gpeciﬁc

embodiments in .which the invention may be practiced. It is to be understood that other

embodiments may be utilized and _strﬁgﬁal and functional changes may be made without

departing from the scope of the present invention.

Objects of the present invention include providing a method for producing both fnerged and piggy
back (not merged) MR and GMR heads with substantially harrov’ved write tracks, and the ability to

feasxbly produce the read-write heads in high volume The invention seeks to address these objects

~with a novel approach to overcome hmltatmns inherent to the technology utilized in the prior art.

7-
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In-view of these objects, the description will continue in an illustrative sense with respect to

varjous exemplary embodiments of the invention.

A merged MR or GMR head as shown in Figure 1 is manufactured using a new, preliminary
precision milling step prior to P1 ndtching. The head comprises two pole pieces 1 and 3 deno'aed '
P1 and P2, respectlvely Pl,ma merged head also-serves as the second shield S2 for the read
portion of the head. The pole pieces 1 and 3 are separated by a gap 5 and bounded by an ABS 8 at
a pole tip region of the head. Pl and P2 are magnetically connected where they are separated by
the gap. Tlie pole. pieces converge at a back region of the head, such that they are not seéarated by

a gap in this region. Extendmg from the pole pieces are two pole tips 7 and 9 in the pole tip

 regjon, denoted PT1 and PT2 respectively. The pole tips are shaped and defined relative to their

- respective pole pieces by manufacturing processes such as ion beam milling. A merged MR head-

also comprises a first insulation layer 11, a coiled conductor layer 13, and a second insulation '

layer 15.

A method according to an embodiment of the preeent invention employs a combination of known

. thin film photolithography and-ion. beam milling steps with a unique, precise ion beam milling

--preliminary manufacturing step. In the exemplary embodiment, phdtolithography is used to

depbsit magpnetic layers ueing photoresist ﬁame_plaﬁng, and is used to deposit insulation layers
with a photoresist and developing proeess. Those skilled in the art will appreciate that
photolithography is exemplary only and that altemative deposition methods are contemplated as . -
being within the scope of the present invention. These can include electroplating, | cathodic

sputtering, ion beam depositien,, and the like. The inventive preliminary step, in an exemplary

8
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embodirﬁen_t, will employ precision milling to remove very small amounts of material in the base

reg1on of the upper pole tip P2T, and reduce the write track width P2B to a very narrow

dimension. The precision milling of a narrow P2B write track width may then be followed by

cpriventional pole tip trimming and pole piece notching.

Definition of the pole tips is showm in Figure 2, where the pole tipé 7 and 9 are separated by a gap

5 Fringing fields, which limit the narrowness of pole tips in the prior art, are caused by the greater

. width of the first pole piece 1 relative to the narrow gap 5 and second pole tip 9. Methods known

in the prior art for reducing the fringing field include P1 notching, which involves removal of a
significant amount of material from the first pole piece at field regions 17 and 19, as well as from

the top of P2T, indicated at 10 in Figure 1. Also; pole cleaning is used to remove redeposition

~material ﬁonﬁ the vei‘tical side walls pf PTI1 and PT2, as shéwn m Fighre 2, in an effort to reduce. . . .

fringing fields. Jon beam milling is a common method used for P1 notching and P1/P2 wall
cleaning, but is conventionally utilized for the removal of large amounts of material from P1 1 and
the top of P2 10. The sigﬁiﬁéaﬁt removal of material in these processes, combined with material

redeposition and cleanup, does not allow for the precision required to create sub-micrometer write

" track widths.

Ion beam milling, for P2 pole trimming and P1 notching, is performed in a processing chamber, as.
shown in Figure 3. The w_ork piece, which may be a wafer 29 with more than 20,000 heads, is
mounted on a turntable 21 and rotated while it is milled by a primary ion beam source 23 at an

angle between 0° and 50° from the wafer normal. A shutter 25 may be employed to control

various steps in the process. According to known manufacturing methods, a secondary ion beam

. -9- .
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source 27 may be utilized for cleanup of redeposition from Pl and P2 pole piece side walls.

Alternatively, a single ion beam source may be used for both notching and cleanup operations by

rotating the stage 29 to obtain the various angles appropriate for each function.

The unique prelnmnary step employs an ion beam for precise milling of the P2B track width in
addition to P1 notchmg The P2B mllllng step may occur either before or after the Pl notchmg In
an exemplary form of the new P2B mill step, shown in Figure 4, the ion beam 31 is directed at the
base of P2T for precise milling of the P2B write track width 35. This precision milling step, which
may be used to produce a P2B of substanﬁally less than 1pm, may then be followed by further P1°

notching procedures which rembve more -nqaterial for notched P1 and redeposition-free P1/P2

~ sidewalls.

Ionbeam etchmg, used for }:)o-le piece notching, requifes an etching ﬁdsk tolpretect the pdrtions_ of
the read-write head that are not to be etched. A common mask that is used .-for this purpose is a
photoresist mask. For P1 notching, the P2T insy be plated with additional thickness so that the
pole it.self, with it’s extra thickness, may actuaily suffice as a mask. During ioﬁ beam etching,
portions of the mask afe actually reduced, maldng it desireable to use a mask thet is relatively

thick. However, use of a thick mask adds a high degree of difficulty in producing a very narrow

P2B w1th presently known photohthography techniques. The present invention, therefore, enables

production of a narrow P2B without the use ofa ﬂnck photores1st mask.

Figure S is a graf;h which depicts t11eratio of amount of P2T that is removed during the inventive
P2B milling step to the time spent utilizing the P2B milliﬁg step. In light of the etch selecﬁvity as .
plotted in Figure 5, .the range of P2B track widths that may be achieved with a method of the
. o .
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present invention is shown in F' ig-ure.6. Thus, it is énticipatéd that track widths below 0.3um may

be achieved by the inventive P2B mﬂling step without consuming very much of the P2T material.

The method of the present invention may be utilized in a variety of manufacturing sequences, and
will not nece'ssarily' precede P1 notching steps. For example, in an alternate embodiment of the
preseht mvention, P2T will Be plated to about 4.0m with a wx;'te track width of about 0.8pm. The |

inventive preliminary ion beam milling step will then be used to produce a write track vmdth that

s substantialiy narrower. As shown in Figure 7, an ion beam 31 will be angled at about 70

degrees to the wafer normal.33 and directed to P2B. The angled ion beam will mill the P2B to a
final write track width of about 0.6um. It is noted that different angles, as well as different milling
cycle times, will produce different track widths and may be used to produce track widths that are

béldw 0.4pum. Subsequent procedures, according to known methods, will remove greater amounts -

| - of material and be used to perform P1 notching to about 03 um aepﬂ1.- The finished product will be

a merged MR or GMR head with a write track that is anticipated to be substantiall'yl less than any

which has been known to date.

In an exemplary manufacturing process according to an alternative embodiment of the invention;
photolithography and P1 notching steps may be combined with the inventive preliminary step to

produce a merged GMR head with a sub-micrometer P2B write track width. In the exemplary

" process, a magnetic layer is deposited on a wafer to form a second shield layer of a merged GMR

head, which also serves as the bottom pole piece, P1. A second magnetic layer is deposited to
form a top pole piece P2. An extension of P2 is a deposited pole t.ip P2T, which is defined and

shaped asa smaller, pedestal-like proti'usion from the P2T pole piece. The pole tip P2T is bounded

-11-
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by a base, a top, and two vertical side walls, the base défuﬁng the P2B write track width. Ata

: certaﬁn point in the merged GMR head manufaéturing process, before P1 notching, at least a single

ion beam is directed at an angle 6 to a wafer normal to trim the base of P2T and reduce the P2B.
A preferred angle is between 45 degrees and 85 degrees. In the exemplary process, the precision
milling of srha_ll amounts of material from the P2T base to form the narrow P2B write track width

is followed by P1 notching steps that remove greater amounts of material and mutually aligned P2

~ and notched P1 side walls to reduce fringing fields. Thus, a merged GMR head is manufactured

which has both substaﬁtial P1 notching and a substantially sub-micrometer P2B write track width.

It is now readily apparent‘ﬂ'nat the aforementioned discoveries allow a merged MR or GMR head to |
have vertically aligned pole tips adjacent the gap layer combined with P1 notching for the purpose '

of fringe field reduction -whilé also having precision-milled P2B for a very narrow track width. -

The merged MR or GMR head manufactured according to various embodiments of the present

invention will bave a track width that is substantially sub-micrometer and much narrower than

any previously achieved in high throughput manufacturing systems.

The foregoing description of the preferred embodiments of the invention has been preserited fof the
purposes of illustration and description. It is not intended to be exhaustive or to limit the invention

to the precise form disclosed. Many modiﬁcations and variations are possible in light of the above

teaching. For example, thé preliminary step .6f the present invention may be utilized before or after

additional P1 notching steps. The jon beam of the preliminary step may be directed at various

angles and milling cycle times to produce various track widths. More than one angied ion beam‘.

may be implemented to mill a narrow track width and clean up any redeposited material

-12-
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simultaneously. It is intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereto.
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1. A high throﬁghput method for the production of at least one thin film inductive head for a
~ disk <'irive, the head having a significantly narrowed write track width, said method comprié_ing:
10 -pr'oviding a wafer having at least a first magheﬁc layer deposi_fed thereon and at least a
second magnetic layee_r deposited on top of said first magnetic layer;
said second magnetic layer having a base and a side wall; and
trirﬁming the basé of said second magnetic layer with an ion beam directed substantially

towards the wall of said second magnetic layer and at an angle relative to a wafer normal. - -

15
2 Themethod of claim 1 further comprising: -

notching said first magnetic layer following said trimming,.

3. The method of claim 1 wherein said aﬁgle ranges from about 45 degrees to about

20 85 degrees.

) “’iili?im‘iﬁlﬁifi‘ i

SJO000007US1



A

4, The method of claim 3 wherein said angle is about 70 degrees.

5. The method of claim 1 wherein the base of said second magnetic layer is trimmed

25  to a base write track width of less than 0.8pum
6. The method of claim 5 wherein said base write track width is 0.4pm or less.

7. A high throughput method of rﬁahng a merged MR head having a significantly
30 ﬁanc;wed wnte ﬁack wi(ith, the méﬂlod comﬁrising: | o |
| depositing at least one magnetic layer on a wafer to form a second shield layer of
an MR head an.d i.i bottom pole piece;
| depositing at least one other magnetic layer to form a top pple piecé above the
;bottom pole piece, the top p@le piecé having a defined upper pole tip eiement,l the uppef pc}lg tip
35 element having a base and a first set of sidé walls, the base déﬁning the write track width; and
directing at least one ion beam at thé s‘ide: walls at an angle relative to a wafer

~ normal to trim the base and reduce the write track width.

This Sheet Has Been Replaced

8. A method according to claim 7 further comprising:
-15-
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' said angle being at least about 45 degrees and not greater than about 85 degrees.

9. A méthod accarding to claim 7 further comprising:

5 | reducing the write track width to less than about 0.8pm.

10.  Amethod according to claim 9 further comprising:
performing a Pl notching process to notch the top pole piece, the P1 notching |
process producmg a lower pole t1p with a second set of vemcal side walls substanhally ahgned

10 w1th the first set of side walls of the upper pole t1p

‘11. A method according to claim 10 further coniprising
depositing a phbtorésist mask on top of upper pole tip before performing the Pl

notching process.

15
| 12.  Amethod of fqnning a pole tip fora nﬁerged MR head, the method comprising:
depc;sifing a magnetic upper pole tip on a wafer, said upper. pole tip having a base,
.“ a top, and first and second side walls and having a width defined by a horizontal distance b.etween

said side walls; and

SJO000007US1
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1 _ ' directing at least one ion beam at the walls of the upper pole tip at an angle to a

Wﬁfer normal to trim the upper pole tip and reduce Said width.

' 13. A method according to claim 12 further comprising:

_reduéin‘g said width to less than approximately 0.8pm.

10
14. A method according to claim 12 further compnsmg

said angle being at least about 45 degrees and not greater than about 85 degrees

15. A thin film inductive head having. a body with at least two walls, a horizontal

15  distance between the walls defining a write track width, the width being less than 0.8pm.

16.  The thin film inductive head of claim 15 having a write track width of 0.4um or

less. .
___;_——/

i

17. A thin film inductive read write head comprising;: -
a first pole piece and a second pole piece;
-17-
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a first pole tip and a second pole tip;

said first pole tip extending from said first pole piece and said second pole tip

3 exténding from said second pole piece;

said second pole piece being bounded by a base, a top, a first side wall and a

second side wall;

" a writetrack width defined by a horizontal distance between said first and second

side wallé; and

18. -

15 19.
- 20.

said write track width being substantially less than about 0.8um.

A thin film inductive read write head according t6 claim 17 wherein:

said inductive read wnte head is a merged MR sensor.

A thin film inductive read write head according to claim 17 wherein:
said inductive read write head is a merged GMR sensor.

\.
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a magnetic disk;

‘a GMR head produced throﬁgh the method of claim 1; and
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an actuator arm for supportmg the GMR head.

- This Sheet Has-Been Rep
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a magnetic disk;

a GMR head comprising a thin film inductive read write head according to claim

an actuator arm for supporting the GMR head.

- -19-

SJO0000070US1



