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_A;% THOD OF MANUFACTURING A THIN FI LM

e,

'A METHOD OF MANUFACTURING A THIN FILM
- MAGNETIC TRANSDUCER

This invention relates to a method of manufac-
turing thin film magnetic transducets.

Thin film magnetic read/write heads are used for
magnetically reading and writing information upon a
magnetic storage medium such as a magnetic disk or
magnetic tape. It is highly desirable to provide a high
density of information storage on the magnetic storage
medium. _ ' _

Increased storage density in a recording system
may be achieved by providing an areal density as high as
possible for a given recording surface. In the case of

"rotating:disk drives (both floppy and hard disks), the

areal density is found by multiplying the number of flux
reversals per unit length along the track (linear
density in units of flux reversals per unit length e.qg.
inch) by the number of tracks available per unit length
in the radial direction (track density in units of

' tracks per unit length e.g. inch).

As track densities have approached and exceeded

' 94.5 tracks per centimetre (2,400 tracks per inch), the

alignment between upper and lower pole tips in thin film

_magnetic_read/write heads has become critical. At such

a high storage density, design criteria require

'~ magnetic transducers in which the bottom pole tip width

is very nearly the same as the top pole tip width. Top
and bottom poles should also be in close alignment.

A technique which provides better pole alignment
begins with a top pole, bottom pole and a gap area
separating the top and bottom poles, all fabricated
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'TIC TRANSDUCER This invention relates to a nethod of manufac-
tr:lng thin fil mnmagnetic transducers. Thin filmmagnetic read/ wite
Sheads are used for magnetically reading and writing information upon a
magneti c storage nedi um such as a nmagnetic disk or magnetic tape. It is
~highly desirable to provide a high density of information storage on the
magneti c sgabagantially wider than desired. A narrower mask layer

is then deposited upon the upper pole. The structure is
then aligned using a material removal process
("milling") such as ion milling or reactive ion milling

5 in which high energy ions bombard the pole tip region to
remove the excess material (top pole, bottom pole and
gap material) that extends beyond the edges of the
masking layer The masking layer protects only a
portion of the top pole, bottom pole and gap so that

- 10 “the width of the compieted pole tips is approximately

| the same as the width of the masking layer.
The noted alignment technique is both slow and
capital intensive. For example, assumlng a top pole
 thickness of 4 microns, a bottom pole thickness of 3
15 microns and a gap thickness of 0.5 microns, and further
| assuming that_gep layer material.has a milling rate
about one half the milling rate of pole tip layers, the
total shaping time is about eight units of time. This
is calculated with the formula: milling time = layer

20 thickness x milling rate. For this example (4 x 1) +
_(3 x 1) + (0.5 x 2) = 8 units of time.

The present invention seeks to provide closely
aligned pole tips in a thin £ilm magnetic transducer
allowing increased data storage densities.

25 ' According to.one aspect of the present invention,
there is provided a method of manufacturing a thin £ilm
magnetic transducer characterised by comprising: |
forming a firstzmagnetic layer on a non-magnetic
substrate; forming a gap material layer on the first

30 magnetic layer; depositing a layer having an aperture
of a defined structure upon the gap material layer;
forming a second magnetic layer over the gap material
layer and in the aperture; depositing a sacrificial
mask layer on the second magnetic layer and in the
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I ncreased storage density in a recording systemmy be
‘eved by providing an areal density as high as possible for a given
*xording surface. In the case of rotfating disk drives (both floppy and
hard disks), the areal density is found by nultiplying the nunber of fl ux

reversal s harelipl | BRBbRiB50 R I8 P Rl IAn Bl SERRLeL T U P of T
uni t | engihpoaingear por&liodi oécthen galp awtainisl tlayer tamdsaof tracks per
uni t Iength:@ign b8CBhe first magnetic layer; and exposing the
thin film magnetic transducer to a material removal
~ process.
According to another aspect of the present
“invention, there is provided a method of manufacturing
a thin film magnetic transducer characterised by
comprising: depositing a first magnetic layer upon a
10 non-magnetic substrate; forming a gap material layer
upon the first magnetic layer; depositing a second
magnetié layer upon the gap material layer;' forming a
sacrificial'mask layer over and in self alignment with
the second magnetic layer; and exposing the thin film
15 magnetic transducer to a material removal process.
According to a further aspect of the present
invention, there is provided a method of manufacturing
a thin film magnetic transducer of the type having a.
main body region and a pole tip'region, characterised by
- 20 comprising: depositing a first wagnetic layer forming a
portion'of the main body region and a portion of the
pole tip region on a substrate; depositing a gap
material layer on the first magnetic layer in the pole
tip region; depositing a non-magnetic insulator layer
25 on the first magnetic layer in the main body region,
- the non-magnetic insulator layer carrying a plurality of
electrical conductors therethrough; depositing a layer
‘having an aperture of a defined structure; .depositing a
second magnetic layer upon the gap material layer in the
10 aperture and upon the insulator layer; @ removing the
- layer having an aperture from the insulator layer;
depositing a sacrificial mask layer; removing the layer
having an aperture from the gap material layer; and
. exposing the thin £ilm magnetic transducer to a material
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rack densities have approached and exceeded 94.5 tracks per centinetre
F, 400 tracks per inch), the alignnmepnt between upper and |ower pole tips in
nin filmnmagnetic read/ wite heads has becone critical. At such a.high
t orage density, design criteria require magnetic transducers in which the
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a thin film magnetic transducer charactériSed by

. comprising: depositing a gap material layer upon a

magnetic substrate; depositing a second magnetic layer

on the gap material layer; forming a sacrificial mask

layer over and in self alignment with the second
magnetic layer; and exposing the thin f£ilm magnetic
transducer to a material removal process.

The step of depositing the sacrificial mask layer
may cdmprise depositing a platable non-magnetic
material, preferably nickel/phosphorous or nickel/iron.

In one embodiment, the step of depositing the
sacrificial mask layer comprises depositing first and
second sacrificial mask layers, the first sacrificial
mask layer being sandwiched between the second
sacrificial mask layer and the second magnetic layer.

The step of exposing the thin film magnetic
transducer to a material removal process may comprise
ion milling, preferably reactive ion milling or sputter
etching. :

The first and/or second magnetic layer may have a

" - thickness in the range of from about 1 mic;on to about 5

microns. _

The gap material layer may have a thickness in
the range from about 0.1 microns to about 1 micron.

. The sacrificial mask layer may have a thickness in

the range from'about 1 micron to about 7 microns.

The invention is illustrated, _merely by way of
example, in the accompanying drawings, in which:-

Figure 1 shows a top view of a thin f£ilm magnetic
transducer or read/write head according to the present
invention prior to the step of milling excess gap

U
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Etantially wder than desired. A narrower mask |layer is then
ted upon the :

5

material and a lower pole tip;

_ Figure 2 is a side crdss sectional view of the -

transducer of Figure 1 taken along the line 2 - 2;
Figure 3 is a cross sectional view of the

transducer of Figure 1 taken along the line 3 - 3 in

Figure 1; | | . |

Figures 4A to 4H illustrate steps in forming a

thin film magnetic transducer or read/write head
according to the present invention; |

Figuré 5 is a cross sectional view of a pole tip

region similar to Figure 4F in which bottom pole and gap'

material have "infinite width"; and

Figure 6 is a cross sectional view simzlar to
Figure 4F of a pole tip region, a bottom pole having
"infinite width" formed_fromfsubstrate material.

The demand for increased storage density in
magnetic storage media has led to reduced magnetic head
dimensions. Magnetic heads are now fabricated in a
manner similar to that used for semi-conductor
integrated cifcuits in the electronics industry. Many
thin film heads are deposited across a wafer or
substrate using etching and photo-lithographic
techniques. The wafer may then be sliced into many
microscopic individual magnetic heads for use with
magnetic storage devices such magnetic disks.

At these small dimensions, alignment between a
pole tip of a head becomes critical, particularly as
dimensions of the pole tip approach the tolerance and
definition limits of the deposition techniques. Using a
sacrificial masking technique of a method according to
the present invehtion, problems associated with
tolerance deficiencies are overcome. The present
invention offers both time and cost savings over known

alignment techniques.
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The structure is then aligned using a material renoval process
: such as ion mlling or reactive ion mlling in which high _
*en :-y i ons bonbard the pole tip regién to renove the excess material (top
¥, bottom pole and gap material) that extends beyond the edges of the
King |ayer. The masking |layer protects only a portion of the top pole,
Et om pol e and Bigurethashowe ai top viewhofcenhdnedilal agnetic :
- transducer or head 10 according to the present invention
prior to removal of a sacrificial mask layer. Figure 1
includes a substrate 12, an'upper pole piece 14 having
a paddle shape and lower layers indicated collect;vely
at 16. The substrate 12 typically comprises a ceramic
compound such as Alzos-Tic. The thin film magnetic head .
of Figure 1 is shown in cross section in Figure 2. The
upper pole piéce 14 is shown covered with two sacrifi-
10 cial mask layers 18, 20 in Figure 2. The upper pole
piece 14 includes an upper pole tip 22. The thin film
magnetic head 10 also includes a lower pole piece 24
having a lower pole tip 26. The upper and lower pole
_ | pieces 14, 24 are formed of magnetic thin films such as,
15 for example, NiFe. The area between the upper pole
piece 14 and the lower pole plece 24 is leled with an
insulator 28. Embedded within the insulator 28 are
conductors 30, 32. The area between the upper pole tip
_ 22 and the lower pole tip 26 is filled with gap material
20 34, typically comprising Al O_. |
The upper pole piece 14 and the lower pole piece
24 contact each other at a back gap "via" (not shown)
and form the two poles of a thin film magnetic
transducer or,head . The conductors 30, 32 are formed
25 in a coil through the region between the upper pole
' piece 14 and the lower pole piece 24 and extend around _
the back gap via. As current is caused to flow through
the conductors 30, 32, a magnetic field is induced in
the upper and lower pole pieces 14, 24. This magnetic
30 field extends between the upper and lower pole tips 22,
26 and through the gap material 34. Depending upon the
design of thé upper and lower pole tips 22, 26, a
magnetic fringe field is formed extending beyond the
boundaries of the upper and lower pole tips 22; 26. 1If
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oproxi mately the sane as the width of the masking |ayer.

hpl es of this technique are disclosed in United States Patent No.
1,719, EP-A-0 442 213, and Europedh Patent Publication Nunmber EP-A-0
. 739. This latter publication falls within the terns of Art 54(3) EPC
noted al i gnment technique is both slow and_capital_ intensive. For

exdnpl e, ad3sBAGREt4Q Grquage mediumsiss assed ckreugl BBLBATpBIE
thisckness Ofj31d,Cr ¢he ¥¥yrnetic £flux emanating from the upper and.

lower pole tips 22, 26 will impress a magnetic field
. upon the surface of the magnetic storage medium. Con-
s versely, if a magnetic field, such as that produced by
‘a magnetic storage medium, is passed through the fringe
field region of the thin film magnetic head 10, a
magnetic field will be induced in the upper and lower
pole pieces 14, 24 and through the back gap via. This
10 changing magnetic field will induce an electric current
to flow through the conductors 30, 32. The electric
current is then sensed using electrical equipmeht and
converted into an information signal to recover
information stored upon the magnetic storage medium.
15 Figure 3 is a cross sectional view of a thin film
' magnetic head 10 showing the pole tip region of Figure .
2. Sacrificial mask layers 18, 20 cover the upper pdle
“tip 22 while leaving a portion of the gap material 34
~and the lower pole tip 26 uncovered or exposed. The
20 sacrificial mask layers 18, 20 may comprise nickel/iron
(NiFe), copper or nickel/phosphorous (NiP). As
explained below, a milling process removes the exposed
gap material 34 and the lower pole tip 26 along_with the
sacrificial mask layers 18, 20 to leave the upper pole '
25 tip 22 intact along with the protected portion of the
gap material 34 and the lower'pole tip 26. Typically
the gap materia1_347may range in thickness between about
0.1 microns and about 1 micron, the pole tips 22, 26
‘between about 1 micron and about 5 microns, and the
30 total sacrificial mask thickness from about 1 micron to
about 7 microns. _ ' '
_ . Figures 4A to 4H detail the steps of a method
according to the present invention used to form the
. structure of Figure 3 having the sacrificial mask layers

—
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ickness of 0.5 microns, and further assuming that gap |ayer materi al

Fa mlling rate about one half the mlling rate of pole tip |ayers, the

al shaping tinme is about eight wunigs of tine. This is calculated with

e formula: mlling time = layer thickness x mlling rate. For this
expmple (4 x 1) + (3 x 1) + (0.5 x 2) = 8 units of .tine. - The

~ prgsent i nidht i2th akisfrsed ovptioville appeel podki gipd22cl e tips in a thin film
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Figure 4A is a cross sectional view of the

‘substrate 12 upon which a deposition process takes

place. The substrate 12 is generally very large
relative to the thin film magnetic head 10 so that many
replicas of the thin film magnetic head may be deposited
across the entire surface of the substrate 12.

. Figure 4B shows the substrate 12 of Figure 4A
including the lower pole tip 26 deposited upon the
substrate 12 using photo-lithographic techniques. The
view of Figure 4B shows the width of the'lower pole tip
26. - :

Figure 4C depicts the lower pole tip 26 including
a layer of gap material 34 which also covers a portion
of the substrate 12. The gap material 34 typically

comprises Al 0 .

In Figure 4D two photo-resist dams 36 have been
deposited upon the gap material 34 while leaving
uncovered the area where the upper pole tip 22 will be
deposited. Not shown in Figure 4D is that the photo-

resist dams 36 do not cover the entire surface shown in

Figures 1 and 2 and leave exposed the portion of the
thin f£ilm magnetic head 10 where the upper pole piece 14
is to be desposited. The photo-resiet dams 36'may be
deposited using standard photo-lithographic and masking
techniques. The upper pole piece 14 and the upper pole
tip 22 are then deposited in the area between the photo-
resist dams 36 upon the exposed portion of the gap
material 34 as shown in Figure 4E. Figure 4F shows the
pole tip region following deposition of the sacrificial
mask layers 18, 20. Figure 4G depicts a cross section

‘of Figure 1 taken in the middle portion of the thin film

magnetic head 10 along the line 4G .- 4G following the
deposition of the sacrificial ma-k layers 18, 20. The

N
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‘I ¢ transducer allow ng increased data storage densities.

'ding to one aspect of the present invention, there is provided a

od of manufacturing a thin film magnetic transducer characterised by
ri-sing: formng a first magnetic layer on a non-magnetic substrat e;
mng a gap material layer on the first magnetic |ayer; depositing a
er haV|agcamfapenﬂumasﬁ Laytﬁ|Zﬁmm&¥rQQmRNxSeL$nm pletabjenneonri a

Torfhpfle?18°nRRA 1PN G AN 1 AEL hd¥k IRy RS ShaPl be
chdsen,_'for examplé, to the milling corresponding to
the milling rates lower pole 26 and gap material 34,
although other materials may be employed.

Figure 4G shows that the thin film magnetic head
10 is completely covered and protected by the sacrifi-
cial mask layeré'le, 20 everywhere except the area near
the pole tip region where the exposed portion of the gap

10 material 34 and the exposed portion of the lower pole

tip 26 are to be removed, as shown in Figure 3. The
photo-resist dams 36 shown in Figure 4F are removed
using a chemical etching process, which leaves the
- structure surrounding the pole tip area as shown in
15 Figure 3. |
The second sacrificial mask layer may also be used
to protedt the conductors during the milling process.
The photo-resist dams 36 shown in Figure 4D to 4F
actually extend around the entire paddle shape of the

20 thin film magnetic head. Before the first sacrificial

layer is deposited upon the upper pole tip, the portion

of the photo-resist dams that is not near the pole tips
 is removed by exposure to radiation followed by chemical

development. The relief area left by this photo-resist

25 may then be covered over with the second sacrificial

layer, to protect the conductors as shown in Figure 4G.
Following milling, the second sacrificial layer may then
be removed. :

The pole tip region shown in Figure 3 (and conse-

10 quently the thin film magnetic head 10) is then exposed

to a material removal ("milling") process in which the
unprotected areas- of the thin film magnetic head 10 are
milled away along with the sacrificial layers 18, 20.
The milling process preferably comprising ion milling,

——_ho "
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Ber and in the aperture; depositing a sacrificial mask layer on the
Fid magnetic

10

in which argon or xenon ions are produced by an ion
source and accelerated by an electric field through an
electrified grid. Other ion sources may be used, as
well as reactive ion milling in which the milling ions
react with the milled material. Chemical_etching or
sputter etching may also be used for material removal.

The energetic ions produced by the ion milling device
" pombard the surface of the thin film magnetic head 10 to

remove a portion of the material they impact. This
milling process removes the exposed areas of the gap
material 34 and the lower pole tip 26 as well as the
sacrificial layers 18, 20. The sacrificial layers 18,
20 must have a thickness and a milling rate so that the
thin £ilm magnetic head 10 and the upper pole tip 22 are
protected during the milling process. 1In this example,

‘the materials comprising the sacrificial masks 18, 20

are chosen to correspond to the lower pole tip 26 and
the gap material 34. |

Following the milling procedure, the resultant
pole tip structure is shown in k.gure 4H. The non-
aligned portions of the gap material 34 and the lower
pole tip 26 have been removed by the milling process.
The milling process also removes all of the sacrificial
layer 20 along with the majority of the sacrificial
layer 18 when the thickness and milling rate of the
sacrificial layers 18, 20 is optimised. If desired,
the remaining'portion of the sacrificial layer 18 may be

' removed through a process such as chemical etching.

The present invention may also be used when the
lower pole tip and the gap material have "infinite
width". In Figure 5, a cross section of a pole tip

‘region having an infinite width, the lower pole tip 38

and the gap material 40 is shown. The upper pole tip
22, the sacrificial mask layers 18, 20 and the photo-
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”'d in the aperture; renoving the |ayer having an aperture, exposing
Ton of the gap material |ayer and a portion of the first magnetic
, and exposing the thin filn1nagné@ic transducer to a materi al
al process. ' _ - :
resist dams 36 are deposited as described above. The
photo-resist dams 36 are then chemicélly etched to leave
‘the non-aligned portion of the luwer pole tip 38 and the
gap material 40 exposed and the aligned portion of the
lower pole tip 38 and the gap material 40 covered by the
' upper pole tip 22 and the sacrificial layers 18, 20. A
e milling process is then appliéd as described aboVe, and
the non-aligned, exposed portions of the gap material
40 and the lower pole tip 38 are milled away while the
10 upper-pole tip 22, the aligned portions of the gap
' material 40 and the lower pole tip 38 are protected by
the sacrificial layers 18, 20.  The pole tip structure
resulting from the milling process is similar to that
shown in Figure 4H. .

15 Figure 6 shows a pole tip structure comprising a
lower pole tip 42 formed in a substrate 44 using a
method according to the present invention. 1In Figure 6
the substrate 44 comprises magnetic ferrite. 1In a

_ milling step, the lower pole tip 42 is formed in the
- 20 - substrate 44 because a sacrificial mask layer 46
protects an uppér pole tip 48, a gap material layer 50
and a lower pole tip 42. The sacrificial'mask layer 46
. is formed using the self alignment techniques of a
method according to the present invention.

25 The present invéntidn produces thin film pole tips
in vertical alignment which have similar widths. Even
if the accuracy of'the-alignment between the upper and
lower pole tips is poor due to the accuracy and
definition of the deposition technique, the present

0 invention provides a method to shape the pole tips and

gap material so that these deficiencies are overcome.'
The present invention reduces time and provides cost
savings in this shaping process. Because only two
layers (the layer of the gap material and the layer of
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I n one enbodi nent, the step of depositing the sacrificial mask

> conprises depositing .first andlfecond sacrificial mask |ayers, the
sacrificial mask |ayer : -

the pole tip) are milied, milling times are reduced
along with mask thickness. Manufacturing time and cost
are also reduced because only a single pair of photo-

‘resist dams are used to form both the upper pole tip and

the sacrificial mask.

It will be appreciated for example, that
different sacrificial mask materials and thicknesses may
be used along with various milling_and etching

technigques.
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wi ched between the second sacrificial mask | ayer and the second éé
Cc Tayer. The step of exposing the thin filmnmagnetic

c i renoval proc may conprise ion mlling,
abmllimﬂi"m&[mtml i1 ling or spu?ts‘ir et chi ng. The first
ir seeond magnetisc l=ayer may have a thickness in the range of from

1 mcron to about 5 nicronsc LAIMS

1. A method of manufacturing a thin film magnetic
transducer (10) characterised by comprising: forming a
first magnetic layer (zé; 42) on a non-magnetic
substrate (12; 44); forming a gap material layer (34;
50) on the first magnetic layer (26; 42); depositing a
layer (36) having an aperture of a defined structure
upon the gap material layer (34; 50); forming a second
10 magnetic layer (22; 48) over the gap material layer and
in the.aperturé; depositing a sacrificial mask layer |
(18, 20; 46) on the second magnetic layer (22; 48) and
in the aperture; removing the layer (36) having an
aperture, exposing a portion of the gap materialllayer
15 (34; 50) and a portion of the first magnetic layer (26;
' 42); and exposing the thin film magnetic transducer
(10) to a material removal process.
2. A method of manufacturing a thin film magnetic -
transducer (10) characterised by comprising: depositing
20 a first magnetic layer (26; 42) upon a non-magnetic
substrate'(lz;'44); forming a gap material layer (34;
50) upon the first magnetic layer (26; 42); depositing
a second magnetic layer (22; 48) upon the gap material
layer (34; 50); forming a sacrificial mask layer (18,
25 20; 46) over and in self alignment with the second
magnetic layer (22; 48); and exposing the thin film
magnetic transducer (10) to a material removal process.
3. A method of manufactufing =~ thin £ilm magnetic
transducer (10) of the type having a main body region
AT and a pole tip region, characterised by comprising:
depositing a first magnetié layer (26; 42) forming a
portion of the main body region and a'portion of the
pole tip region on a substrate (12, 44); depositing a
gap material layer (34; 50) on the first magnetic layer

A¥ 1Y :
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; er y ‘have a thickness in the range fron1about 0.1
ﬂ"b The sacrificial mask | ayer may have a

ness i about 1 ni4ron to about 7 microns. .
0- pendi ng pat ent appllcatlon EP 90 313690 with the publication

~in the pole tip region; depositing a non-magnetic

insulator layer (26) on the first magnetic layer (26;
42) in the main body region, the non-magnetic insulator
layer carrying a plurality of electrical conductors (30,
32) therethrough; depositing a layer (36) having an

~aperture of a defined structure; depositing a second

magnetic layer (22; 48) upon the gap material layer in

~ the aperture and upon the insulator layer (26);

removing the layer (36) having an aperture from the
insulator layer (26); depositing a sacrificial mask
layer (18, 20; 46); removing tbhe layer (36) having an
aperture from the gap material layer (34; 50); and
exposing the thin film magnetic transducer (10) to a
material removal process to remove exposed material.

4. A method of manufacturing a thin film magnetic
transducer characterised by comprising: depositing a
gap material layer (34; 50) upoh a magnetic substtate.
(12; 44); depositing a second magnetic layer (22; 48)
on the gap material layer (34; 50); forming a
sacrificial mask layer (18, 20; 46) over and in self
alignment with the second magnetic layer (18, 20; 46);
and exposing the thin film magnetic transducer (10) to
a material removal process.

5. A method as claimed in any preceding claim
characterised in that the step of depositing the sacri-
ficial mask layer comprises depositing a platable non-
magnetic materiai, preferably nickel/phosphorous. or
nickel/iron. '

6. A method as claimed in any preceding claim
characterised in that the step of depositing the
sacrificial mask layer comprises depositing first and

-second sacrificial mask layers (18, 20), the first

sacrificial mask layer (18) being sandwiched between the
second sacrificial mask layer (20) and the second
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e there.is disclosed and clainmed the use of a )
B | H- “ r the mask and otpher layers in a thin filmtransducer
as c renoval proces%, while in our co-pending .

i cation EP 90 313-691 having the publication nunmber EP 0 442 214 A2

reis di clajmed the use of two sacrificial masks and, in
i3 erﬁéﬁgi d(£%

ticular,
nsducer J.» A method as claimed in any preceding claim

}'nasks in the formation of thin film

characterised in that the step of exposing the thin film
magnetic transducer (10) to a material removal process
comprises ion milling, preferably reactive ion milling
or sputter etching. |
8. A method as claimed in any of claims 1 to 3 or any
or claims 5 to 7 when dependent on any of claims 1 to 3
characterised in that the first and/or second magnetic
~layer (26; 22; 42; 48) has a thickness in the range of
from about 1 micron to about 5 microns.
9. A method as claimed in ahy preceding claim
characterised in that the gap material layer (34; 50)
has a thickness in the range frcxn about 0.1 microns to
about 1 micron. _ |
10. A method. as claimed in any preceding claim
characterised in that the sacrificial mask layer (18,
20; 46) has a thickness in the range from about 1 micron
to about 7 microns. | '
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-nvention is illustrated, nerely by way of exanple, in the acconpanyin /L
i ngs, in which:- Figure 1 shows a top view of a thin film

netic transducer or read/wite hek8 according to t he present invention
or to the step of mlling excess gap

ABSTRACT

A METHOD OF MANUFACTURING A THIN FILM
MAGNETIC TRANSDUCER

N

A method of manufacturing a thin film magnetic
transducer (10) comprises forming a first magnetic layer
10 (26) on a non-magnetic substrate (12), forming a gap
material layer (34) on the first magnetic layer (26), |
depositing a layer (36) having an aperture of a defined
i structure on'the gap material layer (34) and forming a
| second magnetic layer (22) over the gap material layer
15 and in the aperture. A sacrificial mask layer (18, 20)
is deposited on the second magnetic layer (22) and in
the aperture. The layer (36) having an aperture is
: removed exposing a portion of the gap material layer
§ (34) and a portion of the first magnetic'layer (26).
20 The thin f£ilm magnetic transducer (10) is then exposed
' to a material removal process.

.25 [Figure 2]

30
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sducer of Figure 1 taken along the line 2 - 2; - Figure 3is a

s sectional view of the transducer of Figure 1 taken along the I|i

kn. Figure 1; Figures 4Ato 4H illustrate steps in formng a-thi

m magneti ¢ transducer or read/wite head according to the present
ention; Figure 5 is a cross sectional view of a pole tip region
Pgmlar to Figure 4F in which bottom pole and gap material have "infinite

dt h"; and Figurf 6 is a cross sectional viem/sinilar to
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e 4F of a pole tip region, a bott6n1pole having "infinite w dth"

f d fromsubstrate naterial . The denand for increased storage
ity in magnetic storage nedia has led to reduced magnetic head 25 53
nsi ons. Magnetic heads are now fabricated in a manner simlar to that

for sem -conductor integrated circuits in the electronics industry.
thin filmheads are deposited across a wafer or substrate using

et ghi ng and photo-1ithographic techniques. The wafer nay then be sliced
i no ‘many m croscopi ¢ i ndividual magnetic heads for use with
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t echni ques. | This Sheer

A METHOD OF MANUFACTURING A THIN FILM l /” ”' aced
MAGNETIC TRANSDUCER |

~'THSHEEE c di sks. At these snmal |

~pofle|tip of a head becomes critical,

This invention relates to a method of manufac-
“turing thin £film magnetic transducers.

Thin film magnetic read/write heads are used for
magnetically reading and writing information upon a
magnetic storage medium such as a magnetic disk or
magnetic tape. It is highly desirable to provide a high
density of information storage on the magnetic storage
medium. . -

Increased storage density in a reco:ding'system
may be achieved by providing an areal density as high as
possible for a given recording surface. In the case of
rotating disk drives (both floppy and hard disks), the
areal density is found by multiplying the number of flux
reversals per unit length along the track (linear
density in units of flux reversals per unit length e.q.
inch) by the number of tracks available per unit length
in the radial direction (track density in units of
tracks per unit length e.g. inch).

As track densities have approached and exceeded
94.5 tracks per centimetre (2,400 tracks per inch), the
alignment between upper and lower pole tips in thin film
magnetic read/write heads has become critical. At such
a high storage density, design criteria require
magnetic transducers in which the bottom pole tip width
is very nearly the same as the top pole tip width. Top
and bottom poles should also be in close alignment.

A technique which provides better pole alignment
begins with a top pole, bottom pole and a gap area
separating the top and bottom po1es, all fabricated
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ure 1 shows a top view of a thin filmnmagnetic
1s heet Has Been Rerlace .

substantially wider than desired. A narrower mask layer
is then deposited upon the upper pole. The structure is
then aligned using a material removal process '
("milling") such as ion milling or reactive ion milling
in which high energy ions bombard the pole tip region to
remove the excess material (top pole, bottom pole and
gap material) that.extehds beyond the edges of the
masking layer. The masking layer protects only a
portion of the top pole, bottom pole and gap so that
the width of the completed pole tips is approximately
the same as the width of the masking layer.

The noted alignment technique is both slow and
capital intensive. For example, assuming a top pole
thickness of 4 microns, a bottom pole thickness of 3
microns and a gap thickness of 0.5 microns, and further
assuming that gap layer material has a milling rate
about one half the milling rate of pole tip layers, the
total shaping time is about eight units of time. This
is calculated with the formula: milling time = layer
thickness x milling rate. For this example (4 x 1) +
(3 x 1) + (0.5 x 2) = 8 units of time.

The present invention seeks to provide closely
aligned pole tips in a thin film magnetic transducer
allowing increased data storage densities.

According to one aspect of the present invention,
there is provided a method of manufacturing a thin £ilm
magnetic transducer characterised by comprising:
forming a first magnetic layer on a non-magnetic
substrate; forming a gap material layer on the first
magnetic layer; depositing a layer having an aperture
of a defined structure upon the gap material layer,
forming a second magnetic layer over the gap material
layer and in the aperture;' depositing a sacrificial
mask layer on the second magnetic layer and in the
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transducer or head 10 according to the present invention prior to renoval

of a sacrificial mask layer. Figure 1 includes a substrate 12, an upper
pol e piece 14 having a paddle shape and | ower |ayers indicated '
collectively at 16. The substrate 12 typically conprises a ceramc

conpound

such as Al[err](err]-TiC. Thg thin filmmagnetic head of Figure

1 is shown in cross section in Figure 2. The upper pole piece 14 is shown
covered with two sacrifi- cial mask layers 18, 20 in Figure 2. The upper
pol e piece 3gertd¥@desTeROVHRErthel dayep Bavifigeanhiapembure nagnetic head

10 al so i

NCl YP6Ss fng W0 POLEN PbECENE4gap material layer and a
poftion of the first magnetic layer; and exposing the
thin film magnetic transducer to a material removal
process.

According to another aspect of the present
invention, there is provided a method of manufacturing
a thin film magnetic transducer characterised by
comprising: depositing a first magnetic layer upon a
non-magnetic substrate; forming a gap material layer
upon the first magnetic layer; depositing a second
magnetic layer upon the gap material layer; forming a
sacrificial mask layer over and in self alignment with
the second magnetic layer; and exposing the thin f£ilm
magnetic transducer to a material removal process.

According to a further aspect of the present
invention, there is provided a method of manufacturing
a thin film magnetic transducer of the type having a
main body region and a pole tip region, characterised by

" comprising: dépositing a first magnetic layer forming a
portion of the main body region and a portion of the
pole tip region on a substrate; depositing a gap
material layer on the first magnetic layer in the pole
-tip region; depositing a non-magnetic insulator layer
on the first magnetic layer in the main body region,

the non-magnetic insulator layer carrying a plurality of
electrical conductors therethrough; depositing a layer
having an aperture of a defined structure; depositing a
second magnetic layer upon the gap material layer in the
aperture and upon the insulator layer; removing the
layer having an aperture from the insulator layer;
depositing a sacrificial mask layer; removing the layer
having an aperture from the gap material layer; and
exposing the thin film magnetic transducer to a material
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having a | ower pole tip 26. The upper and | ower pole pieces 14, 24 are
formed of magnetic thin filns such as, for exanple, N Fe. The area .
-bet ween t he upper pole piece 14 and.the |ower pole piece 24 is filled with
an insulator 28. Enbedded within the insulator 28 are conductors 30, 32.
The area between the upper pole tip 22 and the |lower pole tip 26 is filled
with gap material 34, typically conprising Alferr](err]. - The upper
pol e piece 14 and the | ower pole piece 24 contact each other at a back gap
"via" (not remoMal PrPdessmicheemave@xpoded MmakeFiallm magnetic '

According to yet another aspect of the present
invention, there is provided a wethod of manufacturing
a thin f£ilm magnetic transducer characterised by
comprising: depositing a gap material layer upon a
magnetic substrate; depositing a second magnetic layer
on the gap material layer; forming a sacrificial mask
layer over and in self alignment with the second
magnetic layer; and exposing the thin film magnetic
transducer to a material removal process.

The step of depositing the sacrificial mask layer
may comprise depositing a platable non-magnetic
material, preferably nickel/phosphorous or nickel/iron.
_ In one embodiment, the step of depositing the
sacrificial mask layer cdmprises depositing first and
second sacrificial mask layers, the first sacrificial
mask layer being sandwiched between the second
sacrificial mask layer and the second magnetic layer.

The step of exposing the thin film magnetic
transducer to a material removal process may comprise
ion milling, preferably reactive ion milling or sputter
etching. _ -

The first and/or second magnetic layer may have a
thickness in the range of from about 1 micron to about 5
microns.

The gap material layer may have a thickness in
the range from about 0.1 microns to about 1 micron.

The sacrificial mask layer may have a thickness in
the range from about 1 micron to about 7 microns.

The invention is illustrated, merely by way of
example, in the accompanying drawings, in which:-

Figure 1 shows a top view of a thin film magnetic
transducer or read/write head according to the present
invention prior to the step of milling excess gap
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transducer or head. The conductors 30, 32 are forned in a coil through
the region between the upper pole piece 14 and the | ower pole piece 24 and
extend around t he back gap vi a. As current is caused to flow through the
conductors 30, 32, a magnetic field is induced in the upper and | ower pole
pi eces 14, 24. This magnetic field extends betmeen t he upper and. | ower
pole tips 22, 26 and through the gap terial Dependi ng upon the
design of the upper and | ower pole tips 22, 26 ‘a magnetic fringe field is

f or med exteﬂgtgglggyggg ghgopgynggiéegigf t he upper and Iomer pole tips 22,
26. If - Figure 2 is a side cross sectional view of the
transducer of Figure 1 taken along the line 2 - 2;
Figure 3 is a cross sectional view of the
transducer of Figure 1 taken along the line 3 - 3 in N
. Figure 1;
-Figures 4A to 4H illustrate steps in forming a
thin film magnetic transducer or read/write head
according to the present invention; '
Figure 5 is a cross sectional view of a pole tip
region similar to Figure 4F in which bottom pole and gap
material have "infinite width"; and
Figure 6 is a cross seétional view similar to
Figure 4F of a pole tip region, a bottom pole having
"infinite width" formed from substrate material.
The demand for increased storage density in
magnetic storage media has led to reduced magnetic head
dimensions. Magnetic heads are now fabricated in a
manner similar to that used for semi-conductor
integrated circuits in the electronics industryQ Many
thin film heads are deposited across a wafer or
substrate using etching and photo-lithographic
techniques. The wafer may then be sliced into many
microscopic individual magnetic heads for use with
magnetic storage devices such magnetic disks.
At these small dimensions, alignment between a
pole tip of a head becomes critical, particularly as
dimensions of the pole tip approach the tolerance and
definition limits of the deposition techniques. Using a
sacrificial masking technique of a method according to
the present invention, problems associated with
tolerance deficiencies are overcome. The present
invention offers both time and cost savings over known
alignment techniques.
/\ : e ——
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7 a magnetic storage nediumis passed through this fringe field, the
magnetic fl ux

Figure 1 shows a top view of a thin film magnetic
transducer or head 10 according to the present inventicn
prior to removal of a sacrificial mask layer. Figure 1
includes a substrate 12, an upper pole piece 14 having
a paddle shape and lower layers indicated collectively
at 16. The substrate 12 typicaliy comprises a ceramic
compound such as Alzoa-Tic. The thin film magnetic head
of Figure 1 is shown in cross section in Figure 2. The
upper pole piece 14 is shown covered with two sacrifi-
cial mask layers 18, 20 in Figure 2. The upper pole
piece 14 includes an upper pole tip 22. The thin film
magnetic head 10 also includes a lower pole piece 24
having a lower pole tip 26. The upper and lower pole
pieces 14, 24 are formed of magnetic thin films such as,
for example, NiFe. The area between the upper pole
piece 14 and the lower pole piece 24 is filled with an
insulator 28. Embedded within the insulator 28 are
conductors 30, 32. The area between the upper pole tip
22 and the lower pole tip 26 is filled with gap material
34, typically comprising Alzoa.

_ The upper pole piece 14 and the lower pole piece
24 contact each other at a back gap "via" (not shown)
and form the two poles of a thin film magnetic
transducer or head. The conductors 30, 32 are formed
in a coil through the region between the upper pole
piece 14 and the lower pole piece 24 and extend around
the back gap via. As current is caused to flow through
the conductors 30, 32, a magnetic field is induced in
the upper and lower pole pieces 14, 24. This magnetic
field extends between the upper and lower pole tips 22,
26 and through the gap material 34. Depending upon the
design of the upper and lower pole tips 22, 26, a _
magnetic fringe field is formed extending beyond the
boundaries of the upper and lower pole tips 22, 26. If
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emanating fromthe upper and | ower pole tips 22, 26 will inpress a nagnetic
field wupon the surface of the magnetic storage nedium Conversely, if a
‘magnetic field, such as that produced by a magnetic storage nedium is
passed through the fringe field region of the thin filmnagnetic head 10,
a magnetic field will be induced in thg upper and | ower pole pieces 14, 24
and t hrough the back gap via. This changi ng

a magnetic storage medium is passed through this fringe

field, the magnetic flux emanating from the upper and

lower pole tips 22, 26 will impress a magnetic field

upon the surface of the magnetic storage medium. Con-

versely, if a magnetic field, such as that produced by

a magnetic storage medium, is passed through the fringe

field region of the thin film magnetic head 10, a

magnetic field will be induced in the upper and lower

pole pieces 14, 24 and through the back gap via. This

changing magnetic field will induce an electric current

to flow through the conductors 30, 32. The electric

current is then sensed using electrical equipment and

‘converted into an information signal to recover

information stored upon the m&gnetic storage medium.

Figure 3 is a cross sectional view of a thin film

magnetic head 10 showing the pole tip region of Figure

2. BSacrificial mask layers 18, 20 cover the upper pole

tip 22 while leaving a portion of the gap material 34

and the lower pole tip 26 uncovered or exposed. The

sacrificial mask layers 18, 20 may comprise nickel/iron

(NiFe), copper or nickel/phosphorous'(NiP). As _

explained below, a milling process removes the exposed

gap material 34 and the lower pole tip 26 along with the

sacrificial mask layers 18, 20 to leave the upper pole

tip 22 intact along with the protected portion of the

gap material 34 and the lower pole tip 26. Typically

the gap material 34 may range in thickness between about

0.1 microns and about 1 micron, ~the pole tips 22, 26

between about 1 micron and about 5 microns, and the

total sacrificial mask thickness from about 1 micron to

about 7 microns.

Figures 4A to 4H detail the steps of a method
according to the present invention used to form the
structure of Figure 3 having the sacrificial mask layers

-

eeri Replaced -

m\s\i\\\\\\\\\\\\\\\\\\\\\\ i ——




magnetic field will induce an electric current to flow through the
conductors 30, 32. The electric current is then sensed using electrical
- equi prrent and converted into an information signal to recover infornmation
stored upon the magnetic storage nedi um Figure 3 is a cross
sectional view of a thin filmmagneticghead 10 showing the pole tip region
of Figure 2. Sacrificial mask |layers 18, 20 cover the upper pole tip 22
while leaving a portion of the gap material 34 and the |ower pole tip 26
uncovered a8, 20 aligned with the upper pole tip 22.

Figure 4A is a cross sectional view of the
substrate 12 upon which a deposition process takes
place. The substrate 12 is generally very large
relative to the thin film magnetic head 10 so that many
replicas of the thin film magnetic head may be deposited
across the entire surface of the substrate 12.

Figure 4B shows the substrate 12 of Figure 4A
including the lower pole tip 26 deposited upon the
substrate 12 using photo-lithographic techniques. The
view. of Figure 4B shows the width of the lower pole tip
26.

Figure 4C depicts the lower pole tip 26 including
a layer of gap material 34 which also covers a portion
of the substrate 12. The gap material 34 typically
comprises Alzoa.

In Figure 4D two photo-resist dams 36 have been
deposited upon the gap material 34 while leaving
uncovered the area where the upper pole tip 22 will be
deposited. Not shown in Figure 4D is that the photo-
resist dams 36 do not cover the entire surface shown in
Figures 1 and 2 and leave exposed the portion of the
thin film magnetic head 10 where the upper pole piece 14
is to be desposited. The photo-resist dams 36 may be
deposited using standard photo-lithographic and masking
techniques. The upper pole piece 14 and the upper pole
tip 22 are then deposited in the area between the photo-
resist dams 36 upon the exposed portion of the gap
material 34 as shown in Figure 4E. Figure 4F shows the
‘pole tip region following deposition of the sacrificial
mask layers 18, 20. Figure 4G depicts a cross section
of Figure 1 taken in the middle portion of the thin film
ragnetic head 10 along the line 4G - 4G following the
deposition of the sacrificial mua:k layers 18, 20. The
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exposed. The sacrificial mask |ayers 18, 20 may conprise nickel/iron
(Ni Fe), copper or nickel/phosphorus (NiP). Such a sacrificial mask
“is chemcally distinct from the upper magnetic pole is claimed in our

co-pendi ng application EP 90 313 691 published as EP-A-0 442 274. As

expl ained below, a mlling process rendves the exposed gap materi al

t he | ower

pole tip 26 along with the sacrificial mask

sacrificial mask layer 20 may comprise any platable non-
magnetic metal. The sacrificial mask layers may be
chosen, for example, to the milling corresponding to
the milling rates lower pole 26 and gap material 34,
although other materials may be employed.

Figure 4G shows that the thin film magnetic head
10 is completely covered and protected by the sacrifi-
cial mask layers 18, 20 everywhere except the area near
the pole tip region where the exposed portion of the gap
material 34 and the exposéd portion of the lower pole
tip 26 are to be removed, as shown in Figure 3. The
photo-resist dams 36 shown in Figure 4F are removed
using a chemical etching process, which leaves the
structure surrounding the pole tip area as shown in
Figure 3.

whi ch

34 and

The second sacrificial mask layer may also be used

to protect the conductors during the milling process.
The photo-resist dams 36 shown in.Figﬁre 4D to 4F
actually extend around the entire paddle'shape of the
thin film magnetic head. Before the first sacrificial
layer is deposited upon the upper pole tip, the portion
of the photo-resist dams that is not near the pole tips

. is removed by exposure to radiation followed by chemical

: This'S
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development. The relief area left by this photo-resist
may then be covered over with the second sacrificial
layer, to protect the conductors as shown in Figure 4G.
Following milling, the second sacrificial layer may then
be removed.

The pole tip region shown in Figure 3 (and conse-
guently the thin f£ilm magnetic head 10) is then exposed
to a2 material removal ("milling") process in which the
unprotected areas of the thin film magnetic head 10 are
milled away along with the sacrificial layers 18, 20.
The milling process preferably comprising ion milling,
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| ayers 18, 20 to | eave the upper pole tip 22 intact along with the
protected portion of° the gap material 34 and the |ower pole tip 26.
Typically the gap material 34 may range in thickness between about 0.1
m crons and about 1 mcron, the pole tips 22, 26 between about 1 mcron

and about 5 mcrons, and the total safbificial mask thi ckness from about 1
m cron to about 7 mcrons. Figures 4A to 4H detail the steps of a

met hod according to the present
in which argon or xenon ions are produced by an ion

source and accelerated by an electric field through an
electrified grid. Other ion sources may be used, as
well as reactive ion milling in which the milling ions
react with the milled material. Chemical etching or
sputter etching may also be used for material removal.
The energetic ions produced by the ion milling device
bombard the surface of the thin film magnetic head 10 to
remove a portion of the material they impact. This
milling process removes the exposed areas of the gap
material 34 and the lower pole tip 26 as well as the
sacrificial layers 18, 20. The sacrificial layers 18,
20 must have a thickness and a milling rate so that the
thin film magnetic head 10 and the upper pole tip 22 are
protected during the milling process.. In this example,
the materials comprising the sacrificial masks 18, 20
are chosen to correspond to the lower pole tip 26 and
the gap material 34. |

Following the milling procedure, the resultant
pole tip structure is shown in k:gure 4H. The non-
aligned portions of the gap material 34 and the lower
pole tip 26 have been removed by the milling process.
The milling process also removes all of the sacrificial
layer 20 along with the majority of the sacrificial
layer 18 when the thickness and milling rate of the
sacrificial lgyers 18, 20 is optimised. - If desired,
the remaining portion of the sacrificial layer 18 may be
removed through a process such as chemical etching.

The present invention may also be used when the
lower pole tip and the gap material have "infinite
width". 1In Figure 5, a cross section of a pole tip
region having an infinite width, the lower pole tip 38
and the gap material 40 is shown. The upper polé tip
22, the sacrificial mask layers 18, 20 and the photo-

—_— | REPLACEMENT SHEET

iy [




i nvention used to formthe structure of Flgure 3 having the sacrificial
nask | ayers

11

resist dams 36 are deposited as described above. The
photo—reszst dams 36 are then chemzcally etched to leave
the non-aligned portion of the lower pole tip 38 and the
'gap material 40 exposed and the aligned portion of the
lower pole tip 38 and the gap material 40 covered by the
upper pole tip 22 and the sacrificial layers 18, 20. A
milling process is then applied as described above, and
the non-aligned, exposed.portions of the gap material
40 and the lower pole tip 38 are milled away while the
upper pole tip 22, the aligned portions of the gap
material 40 and the lower pole tip 38 are protected by
the sacrificial layers 18, 20. The pole tip structure
resulting from the milling process is similar to that
shown in Figure 4H.

Figure 6 shows a pole tip structure comprising a
lower pole tip 42 formed in a substrate 44 using a
method according to the present invention. 1In Figure 6
the substrate 44 comprises magnetic ferrite. In a
milling step, the lower pole tip 42 is formed in the
substrate 44 because a sacrificial mask layer 46
protects an upper pole tip 48, a gap material layer 50
and a lower pole tip 42. The sacrificial mask layer 46

' is formed using the self alignment techniques of a
method according to the present invention.

The present invention produces thin film pole tips
in vertical alignment which have similar widths. Even
if the accuracy of the alignment between the upper and
lower pole tips is poor due to the accuracy and
definition of the deposition téchnique, the present
invention provides a method to shape the pole tips and
gap material so that these deficiencies are overcome.
The present invention reduces time and provides cost
savings in this shaping process. Because only two
layers (the layer of the gap material and the layer of
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8 18, 20 aligned with the upper pole tip 22. Figure 4A is a cross
sectional view of the substrate 12 upon which a deposition process takes

‘pl ace. The substrate 12 is generally very large relative to the thin film
magneti c head 10 so that many replicas of the thin fil mnagnetic head may

be deposited across the entire surfa}eﬁ, of the substrate 12. Fi gure
4B shows the substrate 12 of Figure 4 ncluding the lower pole tip 26

deposi ted upon the
the pole tip) are milled, milling times are reduced

along with mask thickness. Manufacturing time and cost
are also reduced because only a single pair of photo-
resist dams are used to form both the upper pole tip and
the sacrificial mask. :

It will be appreciated, for example, that ,
different sacrificial mask materials and thicknesses may
be used along with various milling and etching

techniques.
' This Sheet Has Been Replaced REPLACEMENT SHEET
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substrate 12 using photo-Ilithographic techni ques. The view of Figure 4B

.-shows the width of the |ower pole tip 26. Fi gure 4C depicts the | ower
* pole tip 26 including a |layer of gap material 34 which also covers a
portion o 12. The gap material 34 typically conprises

Al[err
dep05|

n Flgure 4D two photo-resi st dans 36 have been

wlﬂuynwg}tﬂ mat eri al 34 whil®3| eavi ng uncovered the area where
t he upper o0 be ‘deposited. Not shown in Figure 4D is that the

phot o-

CLAIMS

1. A method of manufacturing a thin film magnetic
transducer (10) characterised by comprising: forming a
first magnetic layer (26; 42) on a non-magnetic
substrate (12; 44); forming a gap material layer (34;
50) on the first magnetic layer (26; 42); depositing a
layer (36) having an aperture of a defined structure
upon the gap material layer (34; 50); forming a second
magnetic layer (22; 48) over the gap material layer and
in the aperture; depositing a sacrificial mask layer
(18, 20; 46) on the second magnetic layer (22; 48) and
in the aperture; removing the layer (36) having an
aperture, exposing a portion of the gap material layer
(34; 50) and a portion of the first magnetic layer (26;
42); and exposing the thin film magnetic transducer
(10) to a material removal process.

2. A method of manufacturing a thin film magnetic
transducer (10) characterised by comprising: depositing
a first magnetic layer (26; 42) upon a non-magnetic
substrate (12; 44); forming a gap material layer (34;
50) upon the first magnetic layer (26; 42); depositing
a second magnetic layer (22; 48) upon the gap material
layer (34; 50); forming a sacrificial mask layer (18,
20; 46) over and in self alignment_with the second
magnetic layer (22; 48); and exposing the thin film
magnetic transducer (10) to a material removal process.
3. A method of manufacturing = thin film magnetic
transducer (10) of the type having a main body region
and a pole tip region, characterised by comprising:
depositing a first magnetic layer (26; 42) forming a
portion of the main body region and a portion of the
pole tip region on a substrate (12, 44); depositing a
gap material layer (34; 50) on the first magnetic layer
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resi st dans 36 do not cover the entire surface shown in Figures 1 and 2 and
| eave sed th ortion of the thin film magnetic head 10 where the upper
*pol e piece 14 is to be desp05|ted The photo-resist dans 36 may be

dep03|t phot o- I'i t hogr aphi ¢ and maski ng techni ques. The
upper Jﬂlﬂlﬁ"mmﬂﬁlmﬂﬂ“h he upper pole tip 22 are then deposited in the
area betWeén the phBto- resi st dans 3@4upon the exposed portion of the gap
material 34 as shown in Figure 4E. Figure 4F shows the pole tip region

foll owi ng deposition of the sacrificial mask |layers 18, 20. Figure 4G
depicts a tmotBesPelfokip region; depositing a non-magnetic

insulator layer (26) on the first magnetlc layer (26;
42§ in the main body region, the non-magnetic insulator
layer carrying a plurality 6f electrical conductors (30,
32) therethrough; depositing a layer (36) having an
aperture of a defined structure; depositing a second
magnetic layer (22; 48) upon the gap material layer in
the aperture and upon the insulator layer (26);
removing the layer (36) having an aperture from the
insulator layer (26); depositing a sacrificial mask
layer (18, 20; 46); removing the layer (36) having an
aperture from the gap material layer (34; 50); and
exposing the thin f£ilm magnetic transducer (10) to a
material removal process to remove exposed material.

4. A method of manufacturing a thin film magnetic
transducer characterised by comprising: depositing a
gap material layer (34; 50) upon a magnetic substrate
(12; 44); depositing a second magnetic layer (22; 48)
on the gap material layer (34; 50); forming a
sacrificial mask layer (18, 20; 46) over and in self
alignment with the second magnetic layer (18, 20; 46);
and exposing the thin film magnetic transducer (10) to
a material removal process.

5. A method as claimed in any preceding claim
characterised in that the step of depositing the sacri-
ficial mask layer comprises depositing a platable non-
magnetic material, preferably nickel/phosphorous or
nickel/iron.

6. A method as claimed in any preceding claim
characterised in that the step of depositing the
sacrificial mask layer comprises depositing first and
second sacrificial mask layers (18, 20), the first
sacrificial mask layer (18) being sandwiched between the
second sacrificial mask layer (20) and the second
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of FigurE\I\FEREﬂ\Ln\Lﬂgbngdle portion of the thin filmnmagnetic head 10
al ong the wi ng the deposition of the sacrificial mask

‘layers 18

L LT

magnetic layer (22).

7. A method as claimed in any preceding claim
characterised in that the step of exposing the thin film
magnetic transducer (10) to a material removal process

comprises ion milling, preferably reactive ion milling

or sputter etching.

8. A method as claimed in any of claims 1 to 3 or any
or claims 5 to 7 when dependent on any of claims 1 to 3
characterised in that the first and/or second magnetic
layer (26; 22; 42; 48) has a thickness in the range of
from about 1 micron to about 5 micronms. _

9. A method as claimed in any preceding claim
characterised in that the gap material layer (34; 50)
has a thickness in the range frcx about 0.1 microns to
about 1 micron.

10. A method as claimed in any preceding claim
characterised in that the sacrificial mask layer (18,

20; 46) has a thickness in the range from about 1 micron
to about 7 microns.
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9 sacrificial mask |layer 20 may conprise any platable hon- magneti c

‘nmetal. The sacrificial nmask |ayers may be chosen, for exanple, to the
"mlling corresponding to the mlling rates | ower pole 26 and gap materi al
34, although other materials may be enpl oyed. Fi gure 4G shows that

the thin filmmagnetic head 10 is conpletely covered and protected by the
sacrifi- cial mask layers 18, 20 ever}@here except the area near

-

T [

ABSTRAC T

A METHOD OF MANUFACTURING A THIN FILM
MAGNETIC TRANSDUCER

A method of manufacturing a thin film magnetic
transducer (10) comprises forming a first magnetic layer
(26) on a non-magnetic substrate (12), forming a gap

‘material layer (34) on the first magnetic layer (26),

depositing a layer (36) having an aperture of a defined
structure on the gap material layer (34) and forming a
second magnetic layer (22) over the gap material layer
and in the aperture. A sacrificial mask layer (18, 20)
is deposited on the second magnetic layer (22) and in
the aperture. The layer (36) having an aperture is
removed exposing a portion of the gap material layer
(34) and a portion of the first magnetic layer (26).

The thin film magnetic transducer (10) is then exposed
to a material removal process.

- [Figure 2]
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the pole tip region where the exposed portion of the gap material 34 and
the exposed portion of the lower pole tip 26 are to be renoved, as shown in
Figure 3. The photo-resist dans 36 shown in Figure 4F are r enoved using a
chem cal etching process, which Ieaves t he structure surrounding the pole
tip area as shown in Figure 3. ?_second sacrificial mask |ayer may
al so be used to protect the conductors during the mlling process. The

phot o-resi st dans 36 shown in Figure 4D to 4F actually extend around the
entire paddl e shape of the 2

- This Sheet Has:Been Replaced g
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thin fil mnmagnetic head. Before the first sacrificial |ayer is deposited
upon t he upper pole tip, the portion of the photo-resist dans that is not
near the pole tips is renoved by exposure to radiation followed by chem cal

devel eﬁ}hﬂﬁﬁnx labaf . area left by this photo-resist may then be covered
over sacrificial layer, to protect.the conductors as shown
|n Flg ng mlling, the segnd sacrificial layer may then be

ole tip region shown in Figure 3 (and conse- quently
the th|n fllntnagnetlc head 10) is then exposed

& / | } Fig. 44
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tTo Wm | 1ing") process in which the unprotected areas of
"..the thin film mgneti

ead 10 are mlled away along with the sacr|f|C|aI
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10, .i.n which drgon .or xenon ions are produced by an ion source and
accel erat ed by an electrlc field through an electrified grid. Qher ion
sources may be used, wel | as reactive ion nilling in which the mlling

ions react with the nilled material . Chem cal g gor i ng
may al so be used for material renoval. The e 6 U nBSZC‘;dqieﬂ'by the
ion mlling device '

A METHOD OF MANUFACTURING A THIN FILM
MAGNETIC TRANSDUCER

This invention relates to a method of manufac-
turing thin film magnetic transducers.

Thin film magnetic read/write heads are used for
magnetically reading and writing information upon a
magnetic storage medium such as a magnetic disk or

' magnetic tape. It is highly desirable to provide a high
density of information storage on the magnetic storage
medium. ,

Increased storage density in a recording system
may be achieved by providing an areal density as high as
possible for a given recording surface. In the case of
rotating disk drives (both floppy and hard disks), the
areal density is found by multiplying the number of flux
reversals per unit length along the track (linear
density in units of flux reversals per unit length e.g.
inch) by the number of tracks available per unit length
in the radial direction (track density in units of

. tracks per unit length e.g. inch).

As track densities have approached and exceeded
94.5 tracks per centimetre (2,400 tracks per inch), the
alignment between upper and lower pole tips in thin film

. magnetic read/write heads has become critical. At such
a high storage density, design criteria require
magnetic transducers in which the bottom pole tip width
is very nearly the same as the top pole'tip width. Top
and bottom poles should also be in close alignment.

A technique which provides better pole alignment
begins with a top pole, bottom pole and a gap area
separating the top and bottom poles, all fabricated )

: . e e e T S STy
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bonbar d the surface of the thin fil m magnetic head 10 to renpve a portion“

of t

he material they inpact. This mlling process renoves the exposed

areas of the gap material 34 and the lower pole tip 26 as well as the

sacrificial layers 18, 20. The sacrificdal layers 18, 20 nust have a
thickness and a mlling rate so that the thin filmnmagnetic head 10 and
the upper pole tip 22 are protected during the m'IIing process In this

exappl e, the terjals copprising the sacrlf e chosen
o Tor e SURSHRRUARY CHGeT e doBer . ¥ RArgevanmask byer ishaa Aepesded spon

upper pole. The structure is then aligned using a material removal process ("milling")
such as ion milling or reactive ion milling in which high energy ions bombard the pole.
tip region to remove the excess material (top pole, bottom pole and gap material) that
extends beyond the edges of the masking layer. The masking layer protects only.a
portion of the top pole, bottom pole and gap so that the width of the completed pole tips
is approximately the same as the width of the masking layer.
| ~ Examples of this technique are disclosed in United States Patent No. 4,791,719,
EP-A-0 442 213, and European Patent Publication Number EP-A-0 383 739. This latter
publication falls within the terms of Art 54(3) EPC. |
The noted alignment technique is both slow and capital intensive. For example,
assuming a top pole thickness of 4 microns, a bottom pole thickness of 3 microns and a
gap thickness of 0.5 microns, and further assuming that gap layer material has a milling
rate ébeut one half the milling rate of pole tip layers, the total shaping time is about eight
units of time. This is calculated with the formula: milling time = layer thickness x
milling rate. For thisexample (4 x1) + 3x 1) + (0.5x2) = 8.units of time.
The present invention seeks to provide closely aligned pole tips in a thin film
magnetic transducer allowing increased data storage densities.
. According to one aspect of the present invention, there is provided a method of
manufacturing a thin film magnetic transducer characterised by compﬁsing:
forming a first magnetic layer on a non-magnetic substrate; forming a gap material layer

on the first magnetic layer; depositing a layer having an aperture of a defined structure

upon the gap material layer; forming a second magnetic layer over the gap material
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Fol | owi ng t he milling procedure, the resultant pole tip structure is shown

inF
| owe

igure 4H. The non- aligned portions of the gap material 34 and the
r pole tip 26 have been renoved by the mlling process. The mlling

process al so renoves all of the sacrificgal layer 20 along with the

maj o

rity of the sacrificial |ayer 18 when the thickness and mlling rate of

the sacrificial layers 18, 20 is optimsed. I f desired, the renmaining

port
as c

ion of the sacrificial layer 18 may be renoved through a process such
heni dayereindrinrtye aperture; Gbpositings® sdcrifieiat midskayeryonaths Gedundungghetigen t he

layer and in the aperture; removing the layer having an aperture, exposing a portion of

the gap material layer and a portion of the first magnetic layer; and exposing the thin

film magnetic transducer to a material removal process.
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|, ower. poleitip and the gap material have "infinite width". In Fi gure 5, a
cross section of a pole tip region having an infinite wdth, the | ower pole

tip 38 and the gap material 40 is shown. The upper pole tip 22,
sacrificial mask |layers 18, 20 and the photo-

t he

4

In one embodiment, the step of depositing the sacrificial mask layer comprises
depositing first and sgcond' sacrificial mask layers, the first sacrificial mask layer
being sandwiched between the second sacrificial mask layer and the .second magnetic
layer.

The step of exposing the thin film magnetic transducer to a material removal
process may comprise ion milling, preferably reactive ion milling or sputter etching.

Thé ﬁrst and/or second magnetic layer may have a thickness in the range of
from about 1 micron to about 5 microns.

The gap material layer may have a thickness in the range from about 0.1
microns to about 1 micron. "

The sacrificial mask layer may have a thickness in the range from about 1
micron to about 7 microns.

In our co-pending patent application EP 90 313690 with the publication
number EP 0 442 213 A2 there is disclosed and claimed fhe use of a particular profile
for the mask and .other layers in a thin ﬁlm transducer to aséist the material removal
process, while in our co-pending application EP 90 313 691 having the publication
number EP 0 442 214 A2 there is disclosed and cla.imed.the. use of two sacrificial
masks and, in particular, materials used for masks in the formation of thin film
transducers. |

The mventlon is. illﬁstrated, merely by way of example, in the accompanying
drawings, in which :-

Figure 1 shows a top view of a thin film magnetic transducer or read/write

head according to the present invention prior to the step of milling excess gap




resi st dans 36 are deposited as described above. The photo-resist dans 36
are then chemcally etched to | eave the non-aligned portion of the | ower
pole tip 38 and the gap material 40 exposed and the aligned portion of the
| ower pole tip 38 and the gap material 40 covered by the

5

material and a lower pole tip;
. Figure 2 is a side cross sec;ional'view of the
transducer of Figure 1 taken along the line 2 - 2;

Figure 3 is a cross sectional view of the
transducer of Figure 1 taken along the line 3 - 3 in
Figure 1;

Figures 4A to 4H illustrate steps in forming a
thin £film magnetic transducer or read/write head
according to the present invention;

Figure 5 is a cross sectional view of a pole tip
region similar to Figure 4F in which bottom pole and gap
material have "infinite width"; and

Figure 6 is a cross sectional view similar to
Figure 4F of a pole tip region, a bottom pole having
"infinite width" formed from substrate material.
| The demand for increased storage density in
magnetic storage media has led to reduced magnetic head
dimensions. Magnetic heads are now fabricated in a
manner similar to that used for semi-conductor
integrated circuits in the electronics industzy. Many
thin film heads are deposited across a wafer or
substrate using etching and photo-lithographic
_techniques. The wafer may then be sliced into many
microscopic individual magnetic heads for use with
magnetic storage devices such magnetic disks.

At these small dimensions, alignment between a
pole tip of a head becomes critical, particularly as
dimensions of the pole tip approach the tolerance and
definition limits of the deposition techniques. Using a
sacrificial masking technique of a method according to
the present invention, problems associated with
tolerance deficiencies are overcome. The present
invention offers both time and cost savings over known

alignment techniques.
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upper pole tip'22 and the sacrificial layers 18, 20. A mlling process is
then applied as descri bed above, and the non-aligned, exposed portions of
the gap material 40 and the lower pole tip 38 are mlled away while the
upper pole tip 22, the aligned portions of the gap material 40 and the

| ower pole tip 38 are protected by the sacrificial |layers 18, 20. The pole
tip structure resulting fromthe mlli%g process is simlar to that shown
in Figure 4H. Figure 6 shows a pole tip structure conprising a | ower

pole tip 42 forrrggghr}ealsus sotwrsatae t4o4p ‘View 8f a thin film magnetic
transducer or head 10 according to the present invention
prior to removal of a sacrificial mask layer. Figure 1
includes a substrate 12, an upper pole piece 14 having
a paddle shape and lower layers indicated collectively
at 16. The substrate 12 typically comprises a ceramic
compound such as Al O -TiC. The thin film magnetic head
of Figure 1 is shown in cross section in Figure 2. The
upper pole piece 14 is shown covered with two sacrifi-
cial mask layers 18, 20 in Figure 2. The upper pole
piece 14 includes an upper pole tip 22. The thin film
magnetic head 10 also includes a lower pole piece 24
having a lower pole tip 26. The upper and lower pole
pieces 14, 24 are formed of magnetic thin films such as,
for example, NiFe. The area between the upper pole
piece 14 and the lower pole piece 24 is filled with an
insulator 28. Embedded within the insulator 28 are
conductors 30, 32. The area betwéen the upper pole tip
22 and the lower pole tip 26 is filled with gap material
34, typically comprising Alzoa.

The upper pole piece 14 and the lower pole piece

24 contact each other at a back gap "via" (not shown)
and form the two poles of a thin film magnetic
transducer or head. The conductors 30, 32 are formed
in a coil through the region between the upper pole
pPiece 14 and the lower pole piece 24 and extend around _
the back gap via. As current is caused to flow through
the conductors 30, 32, a magnetic field is induced in
the upper and lower pole pieces 14, 24. This magnetic
field extends between the upper and lower pole tips 22,
26 and through the gap material 34. Depending upon the
design of the upper and lower pole tips 22, 26, a
magnetic fringe field is formed extending beyond the
boundaries of the upper and lower pole tips 22, 26. If
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nmet hod according to the present invention. In Figure 6 the substrate 44
conprises nmagnetic ferrite. Ina mlling step, the lower pole tip 42 is
formed in the substrate 44 because a sacrificial mask |ayer 46 protects an
upper pole tip 48, a gap material layer 50 and a lower pole tip 42. The
sacrificial mask layer 46 is formed usipg the self alignment techniques of
a nethod according to the present invention. .- The present invention

e Even L e R e PR ot B B el MR kT
emanating from the upper and lower pole tips 22, 26 will impress a magnetic field
upon the surface of the magnetic storage medium. Conversely, if a magnétic field,
such as that produced by a nﬁlgnetic storage medium, is passed through the fringe
field region of the thin film magnetic head 10, a magnetic field will be induced inthe -
upper and lower pole pieces 14, 24 and thréugh the back gap via. This changing
magnetic field will iﬁduce an electric current to flow through the conductors 30, 32.
The electric current is then sensed using elec'tric_al equipment and converted into an
info_rmation signal to recover information stored upon the magnetic storage medium.

Figure3isa cfoss_sectional view of a thin film magnetic head 10 showing the
pole tip region of Figure 2. Sacrificial mask layers 18, 20 cover the upper pole tip 22
while leaving a portion of the gap material 34 and the léwer pole tip 26 uncovered or
exposed. The sacrificial mask layers 18, 20 may compﬁse nickel/iron (NiFe), copper
or nickel/phosphorus (NiP). Such a sacrificial mask which is chemically distinct from
the upper magnetic pole is claimed in our co-pending application EP 90 313 691
published as EP-A-0 442 274. As explained below, a milling process removes the
exposed gap mateﬁal 34‘ and the lower pole tip 26 along thh the sacrificial mask
layers 18, 20 to leave the upper pole tip 22 intact along with the protected portion of
the gap material 34 and the lower pole tip 26. Typicaliy the gap material 34 may range
in thicknesé between .about 0.1 microns and about 1 micron, the pole. tips 22, 26
between about 1 micron and about 5 microns, and the total sacrificial mask thickness
from about 1 micron to about 7 microns.

Figures 4A to 4H detail the steps of a method according to the present

invention used to form the structure of Figure 3 having the sacrificial mask layers B
REPLACEMENT SHEET
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| oner pole tips is poor due to the accuracy and definition of the

'deposi tion techni que, the present invention provides a nethod to shape the
pole tips and gap material so that these deficiencies are overcone. The
present invention reduces time and provides cost savings in this shaping
process. Because only two layers (the d ayer of the gap material and the
| ayer of

18, 20 aligned with the upper pole tip 22.

Figure 4A is a cross sectional view of the
substrate 12 upon which a deposition process takes
place. The substrate 12 is generally very large
relative to the thin £ilm magnetic head 10 so that many
replicas of the thin film magnetic head may be deposited
across the entire surface of the substrate 12.

Figure 4B shows the substrate 12 of Figure 4A
including the lower pole tip 26 deposited upon the
substrate 12 using photo-lithographic techniques. The
view of Figure 4B shows the width of the lower pole tip
26'.

Figure 4C depicts the lower pole tip 26 including
a layer of gap material 34 which also covers a portion
of the substrate 12. The gap material 34 typically
comprises Alzoa.

In Figure 4D two photo-resist dams 36 have been
deposited upon the gap material 34 while leaving
uncovered the area where the upper pole tip 22 will be
deposited. Not shown in Figure 4D is that the photo-
resist dams 36 do not cover the entire surface shown in
Figures 1 and 2 and leave exposed the portion of the
thin film magnetic head 10 where the upper pole piece 14
is to be desposited. The photo-resist dams 36 may be
deposited using standard photo-lithographic and masking
techniques. The upper pole piece 14 and the upper pole
tip 22 are then deposited in the area between the photo-
resist dams 36 upon the exposed portion of the gap
material 34 as shown in Figure 4E. Figure 4F shows the
.pole tip region following deposition of the sacrificial
mask layers 18, 20. Figure 4G depicts a cross section
of Figure 1 taken in the middle portion of the thin film
magnetic head 10 along the line 4G - 4G following the
deposition of the sacrificial mua:-k layers 18, 20. The




12 the pole tip) are.mlled, mlling tines are reduced along wth mask
"thickness. Manufacturing tinme and cost are al so reduced because only a
single pair of photo- resist dans are used to formboth the upper pole tip
and _

9

sacrificial mask layer 20 may comprise any platable non-
magnetic metal. The sacrificial mask layers may be
chdsen, for example, to the milling corresponding to
the milling rates lower pole 26 and gap material 34,
although other materials may be employed.

Figure 4G shows that the thin film magnetic head
10 is completely covered and protected by.the sacrifi-
cial mask layers 18, 20 everywhere except the area near
the pole tip region where the exposed portion of the gap
material 34 and the exposéd portion of the lower pole
tip 26 are to be removed, as shown in Figure 3. The
photo-resist dams 36 shown in Figure 4F are removed
using a chemical etching process, which leaves the
structure surrounding the pole tip area as shown in
Figure 3. '

The second sacrificial mask layer may also be used
to protect the conductors during the milling process.
The photo-resist dams 36 shown in Figure 4D to 4F
actually extend around the entire paddle shape of the
thin £ilm magnetic head. Before the first sacrificial
layer is'deposited upon the upper pole tip, the portion
of the photo-resist dams that is not near the pole tips

. is removed by exposure to radiation followed by chemical
development. The relief area left by this photo-resist
may then be covered over with the second sacrificial
layer, to protect the conductors as shown in Figure 4G.
Following milling, the second sacrificial layer may then
be removed. :

The pole tip region shown in Figure 3 (and conse-
quently'the thin film magnetic head 10) is then exposed
to a material removal ("milling")'process in which the
unprotected areas of the thin film magnetic head 10 are
milled away along with the sacrificial layers 18, 20.
The milling process preferably cbmprising ion milling,
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the sacrificial mask. . ~ 1t wll be appreciated, for exanple, that
different sacrificial mask materials and thicknesses nmay be used along with

various mlling and etching techniques.

10

in which argon or xenon ions are produced by an ion
source and acceletated by an electric field through an
electrified grid. Other ion sources may be used, as
well as reactive ion milling in which the milling ions
react with the milled material. Chemical etching or
sputter etching may also be used for material removal.
The energetic ions produced by the ion milling device
bombard the surface of the thin £ilm magnetic head 10 to
remove a portion of the material they impact. This
milling process removes the exposed areas of the gap
material 34 and the lower pole tip 26 as well as the
sacrificial layers 18, 20. The sacrificial layers 18,
20 must have a thickness and a milling rate so that the
thin film magnetic head 10 and the upper pole tip 22 are
protected during the milling process. In this example,
the materials comprising the sacrificial masks 18, 20
are chosen to correspond to the lower pole tip 26 and
the gap material 34. _ | _

Following the milling procedure, the resultant
pole tip structure is shown in ¥F:.gure 4H. The non-
aligned portions of the gap material 34 and the lower
pole tip 26 have been removed by the milling process.
The milling process also removes all of the sacrificial
layer 20 along with the majority of the sacrificial
layer 18 when the thickness and milling rate of the
sacrificial layers 18, 20 is optimised. If desired,
the remaining portion of the sacrificial layer 18 may be
removed through a process such as chemical etching.

The present invention may also be used when the
lower pole tip and the gap material have "infinite
width". 1In Figure 5, a cross section of a pole tip
region having an infinite width, the lower pole tip 38
and the gap material 40 is shown. The upper pole tip
22, the sacrificial mask layers 18, 20 and the photo-
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|| sommrmm, |




13 . ' ‘ CLAIMB 1. A net hod of
nanufacturlng a thin f|In1nagnet|c transducer (10) characterised by

11

resist dams 36 are deposited as described above. The
photo-re51st dams 36 are then chemlcally etched to leave
the non-aligned portion of the iuwer pole tip 38 and the
gap material 40 exposed and the aligned portion of the
lower pole tip 38 and the gap material 40 covered by the
upper pole tip 22 and the sacrificial layers 18, 20. A
milling process is thén applied as described above, and
the non-aligned, exposed portions of the gap material
40 and the lower pole tip 38 are milled away while the
upper pole tip 22, the aligned portions of the gap
material 40 and the lower pole tip 38 are protected by
the sacrificial layers 18, 20. The pole tip structure
resulting from the milling process is similar to that
shown in Figure 4H. ' '

Figure 6 shows a pole tip structure comprising a
lower pole tip 42 formed in a substrate 44 using a
method according to the present invention. 1In Figure 6
the substrate 44 comprises magnetic ferrite. 1In a
milling step, the lower pole tip 42 is formed in the
substrate 44 because a sacrificial mask layer 46
protects an upper pole tip 48, a gap material layer 50
and a lower pole tip 42. The sacrificial mask layer 46

" is formed using the self alignment techniques of a
method according to the present invention.

The present invention produces thin f£ilm pole tips
in vertical alignment which have similar widths. Even
if the accuracy of the alignment between the upper and
lower pole tips is poor due to the accuracy and
definition of the deposition fechnique, the present
invention provides a method to shape the pole tips and
gap material so that these deficiencies are overcome.
The present invention reduces time and provides cost
savings in this shaping process. Because only two
layers (the layer of the gap material and the layer of
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conprising: formng a first nmagnetic |ayer (26;42) on a non-nagnetic
substrate (12;44); formng a gap material |ayer (34;50) on the first
magnetic | ayer (26; 42); depositing a |ayer (36) having an aperture of a
defined structure upon the gap material |ayer (34;50); formng a second

magnetic | ayer (22;48) over the gap ni erial layer and in the aperture;
depositing a sacrifictal mask |ayer (18, 20;46) on the second magnetic | ayer

(22;48) and in the aperture; renoving the layer (36) having an aperture,
exposi ng gheopidlen tdfp ) here milled, milling times are reduced |
‘'along with mask thickness. Manufacturing time and cost
are also reduced because only a single pair of photo-
resist dams are used to form both the upper pole tip and
the sacrificial mask. .
It will be appreciated, for example, that
- different sacrificial mask materials and thicknesses may
be used along with various milling and etching
techniques.,




gap m i al Iayer (34;:50) and a portion of the first magnetic |ayer (26;
42);%‘ngwin filmpmagnetic transducer (10) to a nateri al

renova
transd

A nmet hod of manufacturing a thin filmmagnetic

Jmm elﬁi{ilmtmg to claim 1, characterised by: formi ng

t he flrst fragn

(26;42) as a portion of a main body region and a
13

CLAIMS

1. A method of manufacturing a thin film magnetic transducer (10) characterised by
corriprising: forming a first magr.1etic layer (26;42) on a non-magnetic substrate (12;44);
forming a gap material layer (34;50) on the first magnetic layér (26; 42); depositing 2
layer (36) hgving an aperture of a defined structure upon the gap material layer (34;50);
forming a second magnetic layer (22;48) over the gap material layer and in the aperture;
depositing a sacrificial mask layer (18,20;46) on the sécond mﬁgnetic layer (22;48) and
in the aperture; removing the layer (36) having an aperture, exposing a portion of the
gap material layer (34;50) and a portion of the first magnetic layer (26;42); and exposing
the thin film magnetic transducer (10) to a material removal process.
2. A method of manufacturing a thin ﬁlm magnetlc transducer (10) according to claim
1, charactensed by: '

forming the first magnetic layer (26;42) as a portion of a main body region and a
portion of a pole tip region on the substrate (12,44); depositing the gap material l_ayer

(34;50) on the first magnetic layer in the pole tip region; and prior to depositing layer (36),

" depositing a non-magnetic insulator layer (28) on the first magnetic layer (26;42) in the

main body region, the non-magnetic insulator layer carrying a plurality of electrical

conductors (30,32) therethrough.
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portlon of a pole tip region on the substrate (12,44); depositing the gap

mat eri al Iayer—(—3~4r—59)—en—t—he—f| rst magnetic layer in the pole tip region;
and prior to (36), depositing a non-magnetic insulator -
| ayer (28) onjﬁmﬁmn‘@“ﬁ‘ E,Lc | ayer (26;42) in the nmi.n body region,

t he non-magne r carrying a pI urality of electrical
conductors (30,32) therethrough. 14

3. A method as claimed in any preceding claim characterised in that the step of
depositing the sacrificial mask Iayer co'mprises depositing first and second sacrificial
mask layers (18,20), the first sac_n'ﬁcial mask layer (18) being sandwiched between the
second sacrificial mask layer (20) and the second magnetic la_yer'(22).

4. A method as claimed in any preceding claim characteﬂSed in that the step of
expdsing the thin film magnetic transducer (10) to a material removai process comprises
ion milling, preferably reactive ion milling or sputter etching.

3. A method as claimed in any of claims 2 to 4 characteriséd in that the first and/or
second magnetic layer (26; 22; 42; 48) has a thickness in the range from about 1 micron
to about 5 microns.

6. A method as claimed in any preceding claim cha.racterised in that the gap material |
layer (34;50) has a thickness in the rangé from about 0.1 microns to about 1 micron.

7. A method as claimed'.in any preceding claim characterised in that the sacrificial

mask layer (18,20;46) has a thickness in the range from about 1 micron to about 7

microns.
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14 3. ‘A nethod as.clained in any?preceding clai mcharacterised in that
the step of : O

15
ABSTRACT

A METHOD OF MANUFACTURING A THIN FILM
MAGNETIC TRANSDUCER

A method of manufacturing a thin fllm magnetic
transducer (10) comprises forming a first magnetic layer
(26) on a non-magnetic substrate (12), forming a gap
material layer (34) on the first magnetic layer (26),
depositing a layer (36) having an aperture of a defined
structure on the gap material layer (34) and forming a
second magnetic layer (22) over the gap material layer
and in the aperture. A sacrificial mask layer (18, 20)
is deposited on the second magnetic layer (22) and in
the aperture. The layer (36) having an aperture is
removed exposing a portion of the gap material layer
(34) and a portion of the first magnetic layer (26).

The thin film magnetic transducer (10) is then exposed
to a material removal proceés.

[(Figure 2]




depositing the sacrificial mask |ayer conprises depositing first and second
sacrificial mask layers (18,20), the first sacrificial mask |ayer (18)
bei ng sandw ched between the second sacrificial mask layer (20) and the
second magnetic |ayer (22). 4. A nmethod as clainmed in any precedi ng
claimcharacterised in that the step of, exposing the thin film magnetic
transducer (10) to a material renoval process conprlses
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jon mlling, preferably reactive ion mlling or sputter etching. 5. A
nmethod as clainmed in any of clains 2 to 4 characterised in that the first
and/ or second magnetic |layer (26; 22; 42; 48) has a thickness in the range
fromabout 1 micron to about 5 microns. 6. A nmethod as clained in any
preceding claimcharacterised in that the gap material |ayer (34;50) has a
t hi ckness in the range fromabout 0.1 gicrons to about 1 m cron.
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7. . A method “as claimed in any preceding claimcharacterised in that the
sacrificial mask [ayer (18,20;46) has a thickness in the range from about
1 mcron to about 7 mcrons. '
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