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A METHOD OF MANUFACTURING THIN FILM MAGNETIC HEADS

This invention relates to methods of manufacturing
thin film magnetic heads.

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 disk), the
areal density is found by multiplying the number of flux
reversals per unit length along the tragk (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)).

The demand for increased storage density in
magnetic storage media has lead 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 industry.

During fabrication, many thin £ilm magnetic heads
are deposited across the entire surface of a wafer (or
substrate). After the layers are deposited, the wafer
is "diced" or sliced intoc many individual thin film
heads, each carried by a portion of the wafer so that an
upper pole tip, a lower pole tip, and a gap are exposed.
The pole tlps and the gap (and the portion of the
substrate which .underlies them) are then lapped in a
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‘direction generally inwards, toward the centre 6f the

thin film magnetic head, to achieve the desired
dimensions. This lapping process is a grinding process
in which the exposed portion of the upper and lower pole
tips and the gap are applied to an abrasive, such as a
diamond slurry. Electrical contacts are connected to
conductive coils. The completed head is next attached
to a carrying fixture for use in reading and writing
data on a magnetic storage medium such as a computer
disk.

In operation, a magnetic storage medium is placed
near the exposed upper and lower pole tips. During a
read operation, the changing magnetic flux of the moving
storage medium impresses a changing magnetic f£lux upon
upper and lower pole tips. This magnetic flux is
carried through the pole tips and yoke core around the
conductive coil. The changing magnetic flux induces an
electrical voltage acroés the conductive coil which may

- be detected using electrical detection circuitry. The

electrical voltage is representative of the changing
magnetic f£lux produced by the moving magnetic storage
medium.
_ During a write operation, an electrical current is
caused to flow in the conductive coil. This electric
current induces a magnetic field in top and bottom
magnetic poles and causes a magnetic field across the
gap between the upper and lower pole tips. A fringe
field extends in the vicinity beyond the boundary of the
pole tips and into the nearby magnetic storage medium.
This fringe field may be used to impress magnetic fields
upon the magnetic storage medium and write informatiom.
There are two methods used to fabricate thin film
magnetic heads, either additive or subtractive. The
additive approach is the dominant approach and involves

e
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a series of processing steps in which the various layers
of the thin film magnefic head are deposited upon a
wafer substrate. The highest track density achievable
is strongly influenced by the accuracy of alignment of
upper and lower pole tips and their width. Magnetic
pole tips typically have a pole thickness in the range
of about 1 micron to about 5 microns depending upon the
design criteria, i.e. a thicker pole for better over-
writing efficiency and a thinner pole for increased
resolution capability during the read back operation.
The physical shape of upper and lower pole tips and gaps
significantly affect the reading and writing performance
of the thin £ilm magnetic head by altering the shape of
the magnetic fringe field.

As track density increases, currently approaching

* and exceeding 945 tracks per cm (2400 tracks per inch),

the alignment between the upper and lower pole tips in
thin film magﬁetic read/wfite heads has become critical.
At such a high storage density, design criteria require
magnetic transducers in which the lower pole tip width
is very nearly the same as the upper pole tip width.
Upper and lower pole tips should also be in close
alignment. At these small dimensions, alignment between
the pole tips becomes critical, particularly as
dimensions of the pole tips approach the tolerance and

" definition limits of the deposition techniques. A

technique which provides better pole alignment begins
with an upper pole, lower pole and a gap area separating
the upper and lower poles, all fabricated 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
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the excess material (upper pole, lower pole and gap
material) that extends beyond the edges of the mask
layer. The mask layer protects only a portion of thé;
upper pole, lower pole and gap so that the width of the
completed pole tips is approximately the same as the
width of the mask layer. 4

This alignment technique suffers from a number of
drawbacks. The mask layer is difficult to remove from
the pole tip structure following the milling process.
To ensure adequate protection of the'pole tips during
milling, the mask must be very thick to withstand the
milling process. A thick mask, -however, decreases the
maximum attainable resolution,f Furthermore, if the
remaining mask material is stripped away following
milling, the delicate struéture of the thin film
magnetic head may be dameéed. If, on the other hand,
the mask layer is made-thinner to improve resolution
and facilitate removai of the mask following ion
milling, the risk qf‘damaging the pole tip structure
during milling is.‘increased.

SO :‘--c—.- O oSl L psrers on
there is provided a method of manufacturing-a"thin film
magnetic head on a substrate characterfsed by comprising

the steps of depositing a pagfrietic bottom pole layer

on the substrate, deppefting a gap material layer on

the magnetic bottem pole layer; dJdepositing a magnetic

upper pole laxyér on the gap material layer; and

depositinf a selectively etchable platable metal

Sag) 1ol DS ~Réd B = l'. = sgejel= o e ayE
According toi?agihes-aspect f the present
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invention there is provided{a-wme

thin £ilm magnetic head upon a
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a magnetic upper pole layer
and electro-plating over

The present invention seeks to prOV1§e closely
aligned pole tips in a thin film magneticftransducer
thereby allowing increased data storage;densities. In
the present invention, only the bottoﬁ pole layer and
the gap layer are trimmed into aligﬁment with the upper
pole layer. During ion milling or dry etching of the
bottom pole layer and/or the gap layer, a top pole tip

' is protected by a sufficiently:thick sacrificial metal
' mask layer which is designed'to be easily applied and
' selectively removed after_£he milling process. The

sacrificial mask is self.aligned to the top pole by
depositing it through the same photo-resist mask through
which the tdp pole isgaeposited.

In one embodiqént of the present invention, a
lower pole with a Wider tip than is necessary in the
final design is deposited upon a substrate. Next, gap
material is deposited upon the lower pole. Coils and
insulation are;éeposited over the lower pole and gap
layer. The 9?315 and insulation are confined to the
yoke area and do not cover a lower pole tip .and gap.

Finally, anfupper pole layer is deposited on the

structure?/ The upper pole is plated through a photo-

resist mask which has a pole tip width defining the
track width in the final design. Prior to milling, the
pole tips need not be in perfeét alignment. However,
the top pole is narrower than the bottom pole, and its
projection must be completely enclosed by the bottom
pole tip. Next, another metal layer is deposited upon
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the upper pole layer through the same photo-resist mask

used to deposit the top pole layer.

This metal layer

forms the sacrificial mask for the ‘subsequent ion

This metal mask may be any metal or alloy
,other than the material used for magnetic poles, but it
‘must be selectively etchable, so that the magnetic pole

milling.

material is not attacked.

It must also be compatible

for deposition upon the magnetic pole layer. 1In a
preferred embodimﬂént of the present invention, this

imetal is copper or gold, both of which are already used
. in the production of thin film heads.
‘geometry of the top pole (and the metal sacrificial mask

Therefore, the

zlayer) defines the shape of the bottom pole tip

Esubsequent to milling. Copper is the most preferred
fmetal for reasons of economy, ion milling rates and
;simplicity.
! The metal sacrificial mask layer can be used as a
;base layer upon which one or more additional sacrificial
‘mask materials are deposited through the same photo-
resist mask used to deposit the top pole layer and first

sacrificial mask layer.

In one embodiment of the

present invention, a layer of nickel-iron alloy is
erosited upon the metal sacrificial base layer.

" Nickel-iron is the material typically used for top and

bottom pole layers and is therefore easy to integrate

into the manufacturing process.

Furthermore, because

the sacrificial mask nickel-iron layer will have a
milling rate equal to the milling rate of the bottom
pole tip layer (since they consist of the same
material), -an adequate thickness of the nickel-iron
sacrificial layer is readily deposited.

After the sacrificial mask layer(s) are deposited,
the photo-resist mask (through which the top pole and
sacrificial mask layer(s) were deposited) 'is stripped
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off, the seed layer is removed, the gap material is wet
etched or ion milled, and the pole tip structure is
exposed to an ion milling process in which high energy
ions bombard the surfacé of the pole tip. The mask
protects the areas of the top and bottom pole tips and
gap layer directly below the mask from the milling
process. Those areas of the bottom pole tip and/or gap
layer expose& to the high energy ions are milled away
due to the impact force from the ions.

Following the milling process, the top and bottom
pole tips and gap layer are in alignment and the excess
sacrificial mask layer remains on the upper pole tip.
The wafer is next exposed to a selective chemical etch
which etches away the metal or alloy sacrificial layer
from the upper pole tip but does not attack the nickel-
iron poles or gap material, and leaves the thin film
head structure intact. 1In a multiple layer sacrificial
mask, should any excess nickel-iron sacrificial layer
remain on the first metal sacrificial layer, it is
removed through "lift-off" in which the underlying metal
layer (such as copper) is selectively etched away from
below by the action of the chemical etch and the remains
of the nickel-iron sacrificial layer falls away.

In another embodiment of the present invention a
cured photo-resist top sacrificial layer is deposited
using standard photo-lithographic and masking
techniques. The photo-resist layer is used in place of
the sacrificial nickel-iron layer. Photoresist is
presently used in the manufacture of thin film magnetic
heads and a photo-resist sacrificial layer therefore is
easy to implement in present day manufacturing
processes. Following the processes of ion milling, the
photo-resist is stripped by a photo-resist stripper and
the copper layer is removed with é copper etch as
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described above. Any excess sacrificial mask photo-
resist which remains on the copper layer is removed by

8

"1ift off".
A multi-metal layer sacrificial mask is
5 advantageous because a different colour secoggfﬁétal

layer facilitates end point detection (i.eyfahen the
milling of the nickel-iron is complete, gﬁé underlying
copper coloured mask layer becomes easii& visible). The
thickness of the nickel-iron second §égrificial layer
10 covering the copper sacrificial lagéf should be equal
to, or slightly less than the th;ékness of the bottom
pole tip. Also, because nickeLf%ron has a slower
milling rate than copper, it bélps to reduce the total
% ;__;~“___%g}ckness of the mask. '5?
15 The invention is illustrated, merely by way of
example, in the accompanz{hg drawings, in which:-
Figure 1 shows a tgp view of a thin film magnetic
read/write head; K
Figure 2 is a $ide cross-sectional view of the
20 - head of Figure 1 takén along the line 2 - 2; and
Figures 3A ;5 3I illustrate steps of a method
according to thgfbresent invention for manufacturing a
% thin £ilm magngfic head.
: N A multiféurn inductive thin film magnetic head 10
25 is shown sc#ématically in Figures 1 and 2. Pigure 1 is
a top view of the head 10 and Figure 2 is a side cross-
sectional view. The head 10 includes a top pole 12 and
a bottom pole 14 of a magnetic thin film core of a
; nickel-iron alloy. Photo~lithography is used to define
% 30 the geometry of both the top pole 12 and the bottom pole
14 of the magnetic core. Conductive coils 16, 18 extend
between the poles 12, 14 and are electrically insulated
therefrom by an inéulating layer 20. The head 10 is
deposited upon a non-magnetic substrate 22 comprising a
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ceramic compound such as Alzoa-Tic, and an undercoat 23
of A1203

In fabricating the head 10, sSeveral separate
pattern transfer processes are used to deposit the head
10 on the substrate 22 and the undercoat 23. These
transfer processes include chemical etching, plating and
sputtering. A typical head fabrication process may
account for more than a dozen masking levels and more
than thirty processing steps.

Figures 3A to 3I show the steps of a method
according to the present invention.

Figure 3A shows, in cross section, the substrate
22 and the undercoat 23. The substrate 22 and the
undercoat 23 are generally very large relative to the
head 10 so that many replicas of the head 10 may be
deposited across the entire surface of the substrate 22
and the undercoat 23.

Figure 3B shows-the substrate 22 and the undercoat
23 including a lower pole tip 26 of NiFe deposited upon
the substrate 22 and the undercoat 23 using photo-
lithographic techniques.

The view of Figure 3B shows the width of the lower
pole tip 26.

Figure 3C depicts the lower pole tip 26 and
includes a layer 28 of gap material which also covers
the substrate 22 and a seed layer 27 of nickel-iron. The
seed layer 27 is deposited by sputtefing and serves as a
base layer for electro-deposition. The layer 28 of gap
material typically comprises A1203

In Figure 3D two photo-~resist dams 29 have been
deposited upon the layer 28 of gap material and the seed
layer 27 whilst leaving uncovered the area where an
upper pole tip 24 will be deposited. The photo-resist
dams 29 may be deposited using standard photo-
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lithographic and masking techniques. The upper pole tip
24 of NiFe is then deposited in the area between the
photo-resist dams 29 on the exposed portion of the layer
28 of gap material and the seed layer 27 as shown in
Figure 3E. Figure 3F shows the pole tip region
following deposition of sacrificial mask layers 30, 32.
Although two sacrificial mask layers are shown in Figure
3F a single sacrificial mask layer may be used. In a
preferred embodiment of the present invention, the
sacrificial mask layer 30 comprises a copper layer
deposited, for example, by electro-deposition on the
upper pole tip 24. The sacrificial mask layer 32 is
then deposited on the sacrificial mask layer 30. Other
metals or alloys can also be used for the sacrificial
masks such as Au, 2n, ¢4, In, Pd, Os, Rh and Pt and .
alloys thereof, but copper and nickel-iron are preferred
because they are compatible with thin film magnetic head
manufacturing processes.

Next, the photo-resist dams 29 are stripped as
shown in Figure 3G. In one embodiment, the seed layer
27, under the area of the dams 29, is etched by
sputtering or ion milling and the layer 28 of gap
material, under the dam area, is chemically etched with
dilute hydrofluoric acid (HF), such as 10% by volume
(1:10). Alternatively, the seed layer 27 can also be
etched chemically. 1In another embodiment,'the seed
layer 27, the layer 28 of gap material and the lower
pole tip 26 are all ion milled in a single step. The

.advantage of chemically etching either or both the seed

layer 27 and the layer 28 .of gap material is to reduce
the thickness of the sacrificial mask. Figure 3G
illustrates the process of ion milling in which ions are
accelerated through a charged grid and bombard the
surface of the pole tip structure as shqwn by the

This Sheet Has Been Replaced

i~

PR

;)

——

=

=



10

15

20

25

30

Arrows.

ORIGINAL

The high energy ions primarily impact the

exposed surface of the layer 28 of gap material, the
lower pole tip 26 and the sacrificial mask layer 32.

In a preferred embodiment of the present
invention, the sacrificial mask layer 32 comprises a
nickel-iron alloy wherein the milling rates thereof and

the lower pole tip 26 are substantially equal.
milling conditions may be as follows:-

Voltage

Background pressure

Argon gas pressure

Current density

Tilt angle

Milling rate of copper
Milling rate of nickel-iron

The

850 volts
2x10 ° torrs
2x10"* torrs
0.45 mA/cm2

-]

15

810 Angstrom/min
500 Angstrom/min

Total Milling Time 50 minutes

The lower and upper pole tip thicknesses varies
from 2 to 4 microns. The layer 28 of gap material has a
thickness which varies between 0.45 and 0.65 microns.
EMT 130 by EM Corporation or acetone is used to remove
the photo-resist. If the thickness of the pole tips is
2.5 microns and the gap thickness of the layer of gap
material is 0.6 microns, the sacrificial mask layers 30,
32 should have a thickness of 2 microns and 2.5 microns
respectively.

The sacrificial mask layer 30 of copper was
selectively etched using a mixture of Metex Mu-A and Mu-
B (2:1) (trade name of MacDermid Company), a copper
etchant. The mixture can be diluted with pure water
(1:10) to slow the rate of etching.

Figure 3H shows the pole tiﬁ structure following .
the ion milling process in which a residual layer of the
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sacrificial mask layer 30 remains upon the upper pole
tip 24. As shown in Figure 3H, the milling process has
removed the non-aligned portions of the lower pole tip
26. Should residue nickel-iron remain from the
sacrificial mask layer 32, it is removed using a lift-
off process in which the sacrificial mask layer 30 is
stripped away using a copper etch, which leaves the pole
tip structure shown in Figure 3I. A suitable selective
copper etch is Mu-A and Mu-B (2:1) produced by MacDermid
Company. Ammonium 223;%:%3?(120 g/l) with neutral pH is
another suitable copper etchant. Figure 3T is a -cross-
sectional view of Figure 1 taken along the line 3I-3I.

The layer 28 of gap material may be etched away
prior to milling using HF—Hzo (1:10). This should be a
short duration etch about (1 to 3 minutes) so that
metals in the thin film magnetic head structure, such as
nickel-iron, are not damaged. Photo-resist stripper is
used to remove the photo-resist.

In another embodiment of the present invention,
the top sacrificial mask layer comprises a photo-resist,
cured by heat or ultra-violet radiation to induce a
negative slope. For example, if the poleltip thickness
is 2 microns and the thickness of the layer of gap
material is 0.6 microns, the sacrificial mask layers 30,
32 should be 2 microns and 5 to 6 microns, respectively.

In selecting a bottom sacrificial mask layer, e.g.
the sacrificial mask layer 32, the following are useful
criteria:- T

a. The bottom sacrificial mask layer should be
different (or chemically distinct) from the
underlying magnetic pole layer (nickel-iron).

b. There must be a selective chemical etchant

.

I
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which will not attack the underlying magnetic
layer (nickel-iron).

The material of the bottom sacrificial mask
layer should be compatible with plating
through the same photo-resist mask used to
plate the top magnetic pole layer.

The bath used to plate the bottom sacrificial
mask layer should be compatible with the top
magnetic layer (nickel-iron) so that there
will not be significant or spontaneous
reaction.

Materials having a slow ion milling rate
are desirable.

A bottom sacrificial mask layer having a
different colour than the underlying layer
is useful to facilitate end point detection
when the sacrificial mask layer is etched.

Materials already available during thin film
head fabrication are desirable to minimise
complexity.

Criteria for successive sacrificial mask layers

include:-

The successive sacrificial mask layer(s)
e.g. the sacrificial mask layers 30, 32,
should be different (or chemically distinct)
from the underlying mask layer. :
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b. The material(s) of the successive sacrificial
mask layer(s) should be compatible with plating
through the same photo-resist mask used to plate
the bottom sacrificial mask layer.

c. The successive sacrificial mask layer(s) should
have a compatible plating bath(s) which will not
react significantly and spontaneously with the
underlying mask layer. |

d. Materials having a slow ion milling rate are
desirable.
e. A successive sacrificial mask layer having a

different colour than the underlying mask layer
is useful to facilitate end point detection.

£. Materials already available during thin £ilm
head fabrication are desirable to minimize
complexity.

In the present invention, a metal or alloy
sacrificial mask layer may be used in aligning pole tips
of a thin film magnetic head. If a multi-layered mask
is used, excess mask material may be removed either
selectively with a chemical etchant or with a lift off
process in which a lower sacrificial mask layer
comprising a metal or alloy is selectively, chemically
etched away. The lift off process allows the use of
sacrificial layers which would normally be difficult to
remove without damage to the magnetic head structure.

T
eet Has Been Re‘aced -

i \l\\ !



10

15

20

25

30

15

||II|II| I|II|| IIIIl HIII || III|

CLAIMS

1. A method of manufacturing a thin film magng;ic
head on a substrate (22,23) characterised by c?mﬁrising
the steps of:. depositing a magnetic bottom pole layer
(26) on the substrate; depositing a gap matérial layer
(28) on the magnetic bottom pole layer; depositing a
magnetic upper pole layer (24) on the gap material
layer; and depositing a selectively etcﬁéble platable
metal sacrificial mask layer (30) on the magnetic upper
pole layer (24). '
2. A method as claimed in claim/1 characterised by
including the step of ion milling/ the bottom pole layer
(26) following depositing the metal sacrificial mask
layer (30):
3. 'A.method as claimed in £laim 2 characterised by
including the step of selec vely chemically etching the
metal sacrificial mask layer (30) following the step of
ion milling the bottom po)Ye layer (26).

4. A method as claimed in any preceding claim
characterised by including the step of depositing a
second sacrificial ma layer (32) on the metal
sacrificial mask layédr (30).

5. A method as claimed in claim 4 characterised by
including the step/of ion milling the bottom pole layer
(26) following depositing the second sacrificial mask
layer (32).

6. A method/as claimed in claim 5 characterised by
including the/ step of selectively chemically etching the
metal'sacriﬁ'cial mask layer (30) following the step of
ion milling the bottom pole layer (26).

7. A method as ciaimed in any preceding claim
characterised in that the step of depositing the or each
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sacrificial mask layer comprises depositing one or more

of Ni-Fe, Cu, Au, 2n, Sn, Cd, In, Pd, Os, Rh and Pt and
alloys thereof. ~ /
8. A method as claimed in any of claims 4 to 7 .
characterised in that the step of depositing th%/sécond
sacrificial mask layer (32) comprises the step of
depositing a nickel-iron alloy.

9. A method as claimed in any of claims,4 to Sf}
characterised in that the step of depositing the second
sacrificial mask layer (32) comprises deépositing a

photo-resist layer.

.
-

s

10. A method as claimed in claim { characterised by
including the step of curing the photo-resist layer to
induce a negative slope. //
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