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A METHOD OF MANUFACTURING THIN FILM MAGNETIC HEADS

This invention relates to methods of manufacturing
5 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’

10 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

15 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
20 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

25 . 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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medi um I ncreased storage density in a recording system

may be achieved by providing an areal density as high as tj L

a given recording surface. In the case of 15 rotating disk dri Frbg RAL
fl oppy and hard disk), the areal density is found by nultlplylng t he
nunber of fl ux reversals per unit 4ength along the track (linear

density in units of flux reversals per unit length (e.g. i nch)) by
t he nunber of tracks available per unit length 20 in the radial direction

(track densi igtrdttitd gederally irvaids Peiowdrd tHhngientre @f ithe) ).
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5 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
10 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
15 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 across the conductive coil which may
- be detected using electrical detection circuitry. The

20 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
252. 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.
36 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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are deposited across the entire surface of a wafer (or substrate).
. After the layers are deposited, the wafer 30 Is "diced" or Sllced’”nbﬂj\I;Xl~

many individual thin film heads, each carried by a portion of IhHdJ
waf er sgo that an upper pole tip, a lower pole tip, and a gap are
exposed. The pole tips and the gap {and the portion of the
substrate which underlies then) are then | apped in a

2

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
5 g 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
10 | 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.

15 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/write heads has become critical.
At such a high storage density, design criteria require

20 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

25 . 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

39 = Wwider 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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di rection generally inwards, toward the centre of the thin film
magneti c head, to achieve the desired dinensionz@ﬁ;;3§.lap ng .

process is a grinding process in which the expos i oniof the 3;-;
upper and |l ower pole 5 tips and the gap are applie sbr asi ve, “sUch’
as a dianond slurry. Electrical cgntacts are connedf

conductive coils. The conpl eted head i s®next attached to a carrying
fixture for use'in reading and wwiting data on a nmagnetic storage

medi um ch 1 di n ti
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induces an 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.
10 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
15 milling, the delicate struéture of the thin film
magnetic head may be damdéed. If, on the other hand,
the mask layer is madq-éhinner to improve resolution
and facilitate removgi of the mask following ion
milling, the risk qf damaging the pole tip structure

20 during milling is.‘increased.
~-:::-...—.. » DL eSen invenion
there is providéd a method of manufacturing-a"thin film
magnetic head;on a substrate characterfsed by comprising
the steps of depositing a pagfrietic bottom pole layer
25 " on the substrate, deppefting a gap material layer on

the magnetic bottem pole layer; depositing a magnetic
upper pole laxyér on the gap material layer; and
depositinf a selectively etchable platable metal

Sagr) ilod S ASE B = l'. = syejel= oJePN= aye

According to NS aspect _of the present
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invention there is provided{a-wme e

thin £ilm magnetic head upon a

)
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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

15

' mask layer which is designed'to be easily applied and

' selectively removed after_£he milling process. The

20

25

30

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 c01ls 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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3 - a series of processing steps in which the various |ayers of
the thin fil mnmagnetic head are deposited upon a waf er substra%e; Ih i
hi ghest track density achi evabl e is strongly influenced hy tHe -’1}{["
accuracy of alignnment of 5 upper and |lower pole tips and their wdth.

Magneti c pole tips typically have a pole thickness in the range
of about 1 micron to about 5 nicrons defendi ng upon the

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
milling. This metal mask may be any metal or alloy

5 ,other than the material used for magnetic poles, but it
‘must be selectively etchable, so that the magnetic pole
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

10 :metal is copper or gold, both of which are already used
Qin the production of thin f£ilm heads; Therefore, the
%geometry of the top pole (and the metal sacrificial mask
zlayer) defines the shape of the bottom pole tip
Esubsequent to milling. Copper is the most preferred

15 fmetal for reasons of economy, ion milling rates and
;simplicity.

B The metal sacrificial mask layer can be used as a
fbase layer upon which one or more additional sacrificial
‘mask materials are deposited through the same photo-

20 resist mask used to deposit the top pole layer and first
sacrificial mask layer. 1In 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

25 | 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

39 = Mmaterial), -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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ria, i.e. a thicker pole for better over- writing

nd a thinner pole for increased 10 resol ution caqﬁb{}éfyiﬁj I L-
ead back operation. The physical shape of upper! ah&-lio

d gaps significantly affect the reading and witing

of the thin filn1nagn%tic head by altering the shape of
fringe field. 15 As track density increases, currently
and exceedi ng 945 tracks per cm (2400 tracks per inch),
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peoltecta ttheuladidag @f 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 phopo-resist stripper and
the copper layer is removed with a copper etch as
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25 - dinensions of the pole tips approach the tol erance and - definition
limts of The deposition techniques. A t echni que which prdv}ﬂé${Bé§tFﬂ
pol e al i gnMep SHRE PadiBeen Replacdd t h an upper pol e, |ower pole and ei’*-g‘ab‘aic’éa\ﬁ

separating - nd | ower poles, all fabricated substantially 30
wi der t han dimug mumﬁglgower mask | ayer is then deposi ted upon the
upper pol e. s then | i gned using a material renova
process ("mlling") such-as ion mlling or reactive ion mlling in
whi ch h5@0-20BLEYab80E . PORRY dxb08sPRLEAER 58T AR skKO phRLe

resist which remains on the copper layer is removed by

"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

te o oot vo ST N
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4 the excess material (upper pole, |Iower pole and gap material) that
extends beyond the edges of the mask | ayer. The mask | ayer prUQcts.only;q
portion of the upper pole, |ower pol e and gap so that the mndth'of the
conpleted pole tips is approximately the same as the width of the rask"

| ayer . Exanpl es of this techniqge are disclosed in US Patent Nunber
4,791,179, EP-A-0O 442 213 and European Patent Application Nunber EP-A-O
383 739. This latter publication falls within the terns of A 54(3) EPC

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
5 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.
10 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
15 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
20 the substrate 22 and the undercoat 23 using photo-
lithographic techniques.
The view of Figure 3B shows the width of the lower

O

pole tip 26.
_ Figure 3C depicts the lower pole tip 26 and
25 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

30 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. ihe.photo—resist
dams 29 may be deposited using standard photo-
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Thi § alignment technique suffers froma nunber of drawbacks. The mask

| ayer is difficult to renove fromthe pole tip structure follomﬁng:}FE \ 7 A -
mlling process. To ensure adequate protection of the pole tips i
mlling, the mask nust be very thick to withstand the mlling process.

t hi ck mask, however, decreases the maxigym attai nabl e resol ution.

Furthernore, if the remaining mask material is stripped away foll ow ng

mlling, the delicate structure of the thin filmmagnetic head nay be

e o andLFAEBFAPHEE BAAChekREpEmRlchalEie’® TGP "l i ove
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

5 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

10 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

15 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

20 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

25' (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

30 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
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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. The

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

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
20 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
25 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-
30 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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magneti c upper pole and the sacrificial nmask are deposited through a

phot or esi st
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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 su%phate-(lzo 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

/.
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The present invention seeks to provide closely aligned pole tips in a thin
film magnetic transducer thereby allow ng increased data storage..

densities. In the present invention, only the bottom pole Iaydr and the o !
gap layer are trinmed into alignment with the upper pole |ayer.” DUFIﬂg'IOn\g,
mlling or dry etching of the botton1poLf | ayer and/or the gap |ayer, a

top pole tip is protected by a sufficie ?y thick sacrificial netal mask

| ayer which is designed to be easily applied and sel ectively reaned after

the mlling process. 1 §4cC 's I t p pole
by depositing it throutﬂ$ %%%Eﬁg% $@§$%%IS § Jn %%fﬁ%axﬁa ﬁighe top

pol e is deposited. layer (nlckel—lron)

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

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

reaction.

15 e. Materials having a slow ion milling rate
are desirable.

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

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

Criteria for successive sacrificial mask layers
include:-

30 a. 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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I n one enbodi ment of the present invention, a lower pole with a wider tip
than is necessary in the final design is deposited upon a substrate.
is deposited upon the lower pole. Coils and insulfa}{on are * - ;

gap materi al

deposited over the | ower pole

confined to the yoke area and do not cover a |ower pole tip and gap.

Finally, an upper pole layer is deposited4n the structure. The upper
is plated through a photo-resist nask which has a pole tip wi dth defining
the track width ig the final desi

not be in perfect
bott om pol e,

10

15

20

25

30
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and its pmagkcilagar(s) should be compatible with plating

Next ,

and gap layer. The coils and insul ation are'_L_

pol e

need
he

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
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nmust be conpletely enclosed by the bottompole tip. Next, another netal
deposi ted upon .

| ayer is”
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CLAIMS

1. A method of manufacturing a thin film magng;ic
head on a substrate (22,23) characterised by cqmﬁrising
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 layer (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

This Sheet Has Been Re laced




t he upper pole layer through the same photo-resist mask used to

deposit the top—pete-tayer.. . _This netal |ayer forms the sacrificial
mask for the supsequent ion mlling. This metal mask may pe.any netal .
or alloy 5 ﬁ '”ﬂ"]"Mﬂﬂrﬂ,' terial used for magnetic poles, “but ‘it -: -
must be sel ecti il , that thggmagnetic pole material is

not attacked. It nust al 8o be tonpatibl e for deposition upon the
magnetic pole layer. In a preferred enbodi mment of the present

invention, thfedric{®l dhadi f i;]cﬁ?ﬂﬂlsé’s BOhbs PE iNGT 6He 362 Rbready

used In the production o m heads_, Therefore

h
geonetry of (HHe NoFeol@( M 3R B alClackh i BF al OFaskh and g?a?/’é‘ii)

defines the Himwyoftlidweddltompole tip subsequent to mlling
Copper is the, nost preferred 15 . netal,for_reaso of _ego , Tonn mlling
rates and . Si I“fectfq'f?ff as clailied lfﬂ-h%n%?% @gaa Iﬁ?f%c?%lny k 1ayer

can be Bsed atharacterised in that the step of depositing the second
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

10 sacrificial mask layer (32) comprises deépositing a
photo-resist layer.
10. A method as claimed in claim { characterised by
including the step of curing the photo-resist layer to
induce a negative slope. //

15

20

//
. //'
25 /
/
30
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base | ayer upon which one or nore additional sacrificial mask
materials are deposited through the same photo- 20 resi st mask used to

deposit the top pole layer and first sacrificial mask layer. In one.
enbodi nent of the present invention, a |layer of nickel-iron alloy is
deposited upon the netal sacrificial basg,layer. Ni ckel -iron’is the
material typically used for top and 25 ottompole layers and is
therefore easy to integrate into the manufacturing process.

Furt hernore, because the sagrifdchah ABskpnickel-iron layer will have
a mlling rate equal to the—ﬁrﬁikﬁg—Fa%e—ﬁf the bottom pole tip
| ayer (since they consist of the sanme 30 material), an adequate thickness
of the nickel-iron sacrificial layer is readily deposited.

After the sacrifjci sk_layer(s) are deposited t he photo-resi st
sk (through vl SEtndB e RGeSl e By Pl ymonkife BBlds) °L 7

depositéd) is stripped

A method of manufacturing a thin film magnetic
head on a substrate (22, 23) comprising the steps'of
depositing a magnetic bottom pole layer (26) on the

10 substrate, depositing a gap material layer (28) on the
magnetic bottom pole layer, depositing a magnetic upper
pole layer (24) on the gap material layer and depositing
a selectively etchable platable metal sacrificial mask
layer (30) on the magnetic upper pole layer (24).

15
[Figure 3I]
20
25
30
T
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the seed layer is renoved, the gap material is wet etched oripn ~ i -
mlled, and the pole tip structure is exposed to an ion mllihg, ;= 1<
process in which high energy //l/—
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I ons bonbard the surface of the pole tip. The mask 5 protects the areas
of the top and bottom pole tips and gap layer directly below the nask .
fromthe mlling process. Those areas of the bottom pole tip andf C
gap | ayer exposed to the high energy ions are. nilled away /é#g

to the inpact force fromthe ions. 10 Following the mlling

process, the top and bottom pole tips and gap | ayer are in alignnent
and the excess sacrificial nmask |ayer renmains on the upper pole tip.
The wafer is next exposed to a selective chem cal etch whi ch et ches
away the nmetal or alloy sacrificial layer 15 fromthe upper pole tip but
does not attack the nickel- Iron poles or gap naterial, and | eaves
the thin film head structure intact. In a nmultiple layer sacrificia
mask, shoul d any excess nickel-iron sacrlflchzs | ayer remain on the

first metal sacrificial IMer, it |s]ZQ\ /(ed thro;g—h‘ ift-off" in

whi ch the underlying netal

2, /N X

DDDDDD

2 ¥

WW Fig.-2
23

23 N 3
L( j 71',3. 304
22
26 N\
2&3 [ 1 -
’\5 , } c_-fig. BB
N2z
27 28y %
Z 3 | LI |
’\}b { ’g ‘fig.3C
e \z22
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| ayer (such as copper) is selectively etched away from bel ow by the

action of the chem cal etch and the renains of the nickel-iron- . ..,
sacrificial layer falls away. I n anot her enbodi nent ofi the ;-: !
present invention a 25 cured photo-resist top sacrificial |ayer is :g
deposited . usi ng standard photo-Iithographi c and nmaski ng

techni ques. The photo-resist |layer is used in place of the sacrificial

ni ckel -iron |layer. Photoresist is presently used in the manufacture of
thin filmnmagnetic 30 heads and a photo-resist sacrificial |ayer

therefore is easy to inplenent in present day manufacturing

processes. Follow ng the processes of ion mlling, the photo-resist is
stripped by a photo-resist stripper and t he copper layer is renoved

Wi th a copper etch as é? _
REPLACEMENT SHEET
29—~ 7~ :
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REPLACEMENT SHEET 8 descrlbed,_g_
above. Any excess sacrificial nask photo-resist which remains on thé copper, * °
layer is renoved by "lift off’ A mlti-netal |ayer sacrificia

I s advant ageous because a different col our second netal |ayer facilitatés

end point detection (i.e., when the mlling of the nickel-iron is conplet’e,

t he underlyi ng copper col oured nmask | ayer becones easily visible). The

t hi ckness of the nickel-iron second sacrificial |ayer covering the copper
sacrificial |ayer should be equal to, or slightly less than the thickness

o
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the bottompole tip. Al so, because nickel-iron has a slower nilling rate
t han caopperf' It helps to reduce th otal thickness of the nask. I n

our co-penttmgpatent.  applicati EP{ 90313690 wi tfrtt o l,lp‘k—‘{,g-; un-gg ERS
442 213 A2 REBLACED éa*‘ eF b2ed agnw%l cl & med the use g%g ‘Ei%I ng%?& prp 'Lx%d
for the mask and ot her |ayefpaded .t.hejthin filmtr i @; """
mat er i a] DResFPP" ?“brcess ",l( 4l .n..odr co-pendi ng 1) d9

Vg AR

havi ng |ecugoe) i caPl on rb ' 2 14 A2 thereli ¢

the use|@fpawsasy k bigdak -rad R2§HY &7 ich is coeX %"—é"‘% t hp%geglec.ompaged -----
magnet i 8%/@; :+ Theagse.of. aps 1f1 cy al mask whilch is chenmically ?&? Iﬁét
' Q

fromthe er magnetic pole.d-s—aet—cl ai ned t herd. DATE OF RECEIRTe

il lustrated; nerely by way of exanple, in the acconmpanying draw ngs, In

whi ch : - Figure 1 shows a top view of a thin filmmagnetic

read/ wite head; Figure 2 is a_sigde-ctQss- sectlo 7vi ew of the head
of Figure 1 taken along the line &rﬂ"’n‘;.:_, .|g 3Ato 31

illustrate steps of a r"",, Y1 0.L0e T :\"5‘\: [ nvent ion for
. . : 2. i ,
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A multi-turn inductive>thin filmmagnetic head 10 is shown schematically in
figures 1 and 2. Figure 1 is atop view of the head 10 and Figure 2 is a
side cross-sectional view. The head 10 includes a top pol efté—are—a—bottom
pole 14 of a magnetic thin filmcore of a nickel-iron allo REﬂLﬂCﬂWENT SHEET
|'i thography is used to define the geonepry of both the top|p Ie TZ arrctk
bottom pole 14 of the nmagnetic core. Conductive coils 16, 18 kppg bﬁ? dn
the poles 12, 14 and are electrically insulated therefromijbyl an J

| ayer 20. The head 10 is deposited upon a non-nagnetic sulJstate—2
conprising a

B ,2\ 6 //0
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ceram ¢ conpound such as’Al 0 -TiC, and an under coat 23 of Al O

2 3 In fabricating the head 10, several separate pattern
transfer processes are used to deposit the head 5 10 on

and the undercoat 23. These transfer processes incl

etching, plating and sputtering. A Bypical head fabrjc

may account for nore than a dozen nmasking |levels and rq0 #”Ba
thirty processing steps. 10 Figures 3A to 31 show fhe steps of""a .
met hod according to the present invention. '

shows, in cross section, | bstrate

substrate 22 and thezg.N undgr coat 23 alzg
to the 15 head 10 §§ thit na y replicas of the heaq 10 ma %9.33

26~

| 27
(‘y:“/j’ —]_

29. I 24, 23
| ll , 27
s __[’ rj \ /25
y 7 , 4
L [/ {TesE
26 2N
- AT 3}0. <5’2 29

—
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deposited across the entire surface of the substrate 22

under coat 23. Figure 3B shows the substrate 22 and the under coat

and t he

23 including a lower pole tip 26 of N Fe deposited upon 20 the substrate

22 and the undercoat 23 using photo-
The view of Figure 3B shows the width of #he | ower
Figure 3C depicts the lower pole tip 26 and 25
whi ch al so covers
seed | ayer]?2
base | ayer for el egtro¥dep
typically, co '
phot o-resi st danms P9 pave b
and the

mat eri al

ni ckel -iron.

as a
mat eri al

mat eri al
an

lHayer 27 fwhi | st

| i t hographi c techni ques.

pole tip 26.

I ncl udes a |l ayer 28 of gap
ubstrate 22 and a seed | ayer 27 of

s deposited by sputtering and serves
It The | ayer 28 of gap

)2 n Figure 3D two

| ayer 28 of gap
ngovered the area where

27
28

j fi9.39

g‘:ﬁg 3<#
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upper pole {ip 24 will be deposited. The photo-resi st 'dans 29 may be.

deposi ted using standard phot o-

t echni ques.
area between the phot o-r esi st dans 29 on'the

| ayer

Fi gure 3E

()}

10

15

20

25
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' masKki
The upper pole tip 24 of Ni Fg 6 § g | oy t
e

tion of
28 of gap material and the seed layer 27 as shomn in5
Fi gir MEIHODh OFs MANURAOTURING 'BUINFILM MAGNETIC HEADS

This invention relates to methods of manufacturing

thin £ilm 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 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)).

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 f£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 into 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 tips and the gap (and the portion of the
substrate which underlies them) are then lapped in a

REPLACEMENT SHEETS SG/
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f okl owi:-ng deposition of sacrificial mask |ayers 30, 32. Al t hough two
sacrificial mask | ayers are shown in Figure 3F a single sacrifici-al
mask | ayer nmay be used. In a preferred enbodi nent of the present

i nvention, the 10 sacrificial mask Iaﬁ%r 30 conprises a copper |ayer
deposited, for exanple, by electro-deposition on the upper pole tip
24. The sacrifici mask | ayer, 32 is osited o

sacrificial §§Cg598r9§6§ rlnwardqnﬂgééggh % oy=8 5ﬁn3%2§h8e used
for the sacrthini SilhSmagmetic dieeld atoachdevesdhe ndefiireds, Rh and Pt
because t hoy SPETERRRRL: bRB LABRRRY RHOHSRS 1% Foniichg BE6Edss
manuf act uri ngnpwbéehséhe exposed portiien off chephupmer eandt ldvers polere
27, Undbr TneiRs oAAar ShRoaknAT, dBe 1t N i MELIEe | PRCATEL 27YEL
mlling and dhamboagdeslRgryf. g&lectrical 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
10 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 flux upon
15 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 across the conductive coil which may
be detected using electrical detection circuitry. The

20 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

25 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.

30 This fringe field may be used to impress magnetic fields
upon the magnetic storage medium and write information.

There are two methods used to fabricate thin £film

magnetic heads, either additive or subtractive. The
additive approach is the dominant approach and involves
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material, under the damarea, is chemcally etched with dilute
hydrofluoric acid (HF), such as 10% by vol une 25 (1:10). Alternatively,

the seed layer 27 can al so be etched chem cally. In another
enbodi nent, the seed | ayer 27, th® layer 28 of gap material and the
| ower pole tip 26 are all ion mlled in a single step. The

advant age of chemically etching either or_botg,tﬂe eed 3Q lLayer 27 and
the Iayor 2B SPT3RS M GHOAEISING, SRRRR 6N WhiERotPR YRTEOUS,AoFRas

sacrificial ofagke Ehyw €idm magnddidisiead esréh@eposseed abonoa nmlling in
o eh LN Bhfer,pusRteRi 2t Wtlbe ehatgedadiid faditeinid the
is strongly influenced by the accuracy of alignment of

5 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 hetter over-
writing efficiency and a thinner pole for increased

10 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 film magnetic head by altering the shape of
the magnetic fringe field.

15 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 magnetic read/write heads has become critical.
At such a high storage density, design criteria require

20 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

25 dimensions of the pole tips approach the tolerance and
definition limits of the deposition technigues. 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

30 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 toc remove
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arrows.. The hi gh energy ions primarily inpact the exposed surface of

the | ayer 28 of gap material, the | ower pole tip 26 and the
sacrificial mask |ayer "32. In a preferred enbodi nent of the
present 5 invention, the sacrificial mask |ayer 32 conprises a

ni ckel -iron alloy wherein the mlling rates thereof and t he | ower
pole tip 26 are substantially equal. The 4 mlling conditions may be as
follows:- 10 Vol t age 850 volts

2 iggg ' ogg? " grtﬁg 2¥édss material (upper pole, lowglxﬁcge anll ap Inaterial) tHaf 8Bn@AS Pressure
beyond the edges of the mask layer. The mask layer protects only a portion of
the 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.

Examples of this techn.ique are disclosed in US Patent Number
4,791,179, EP-A-0 442 213 and European Patent Applicaﬁon Number EP-A-Q
383 739. This latter publication falls within the terms of A 54(3.) EPC.

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. Furthermore, if the remaining |
mask material is stripped aWay following milling, the delicate structure of the
thin film magnetic head may be damaged. If, on the other hand, the mask layer
is made thinner to improve resolution and facilitate removal of the mask
following ion milling, the risk of damaging the pole tip structure during milling
is increased.

According to one aspect of the present invention there is provided a
method of manufacturing a thin film magnetic head on a substrate comprising:
depositing a magnetic bottom pole upon the substrate; depositing a material for
providing a magnetic gap upon the magnetic bottom pole; and depositing a
magnetic upper pole upon the material; characterised by: plating upon the
magnetic upper pole a metallic sacrificial mask which is chemically distinct from

the magnetic upper pole such that it can be selectively etched; wherein the

magnetic upper pole and the sacrificial mask are deposited through a photoresist

mask.
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Current density 0.45 mA cn? Tilt angle

150 15 MIling rate of copper 810 Angstronimn

MIling rate of nickel*iron 500 Angstrom m n Total MI1ing
Ti me 50 m nutes The | ower and upper pole
tip thicknesses varies 20 from2 to 4 nmicrons. The layer 28 of gap
material has a t hi ckness which varies between 0.45 and 0.65 m crons.
EMI 130 by EM Corporation or acetone is uded to remove t he
photo-resist. If the thickness of the pole tips is 2.5 microns and the
gap thickness of the | ayer of gap 25 material is 0.6 mcrons, the
sacrificial mask |ayers 30, 32 shoul d have a thickness of 2 mcrons
and 2.5 m crons respectively. The sacrificial mask | ayer 30

of clopper was pe present invention seeks to pfovide closely aligned pole tips in a thin film
magnetic transducer thereby allowing increased data storage densities. In the presént
invention, only the bottom pole layer and the gap layer are trimmed into alignment 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 the milling
process. The sacrificial mask is self aligned to the top pole by ldepositing it through the
same photo-resist mask through which the top pole is deposited.

In one embodiment of the present invention, a lower pole with a wider tip than is
necessary in the final design is depositéd upon a substrate. Next, gap material is
deposited upon the lower pole. Coils anci insulation are deposited' over the lower pole
and gap layer. The coils and insulation are confined to the yoke area and do not cover a
lower pole tip and gap. Finally, an upper 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 perfect
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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sel’ectively etched using a m xture of Metex Mi-A and Mi- 30 B (2:1)

(trade nane of MacDerm d Conpany), a copper etchant. The m xture can
be diluted with pur-e water (1:10) to slow the rate of etching.

Figure 3H shows the pole tip structure ol | owing the ion mlling
process in which a residual |ayer of the

1? s@ﬁé'&ﬁﬁé?'pgﬁiklk%%%rtﬁ%a&%%?%%% ué%é‘b‘%ég¥¥gsist mask
used to deposit the top pole layer. This metal layer
forms the sacrificial mask for the ‘'subsequent ion
milling. This metal mask may be any metal or alloy
other than the material used for magnetic poles, but it
must be éelectively etchable, so that the magnetic pole
material is not attacked. It must also be compatible
for deposition upon the magnetic pole layer. 1In a
preferred embodimnent of the present invention, this
10 metal is copper or gold, both of which are already used
in the production of thin £ilm heads. Therefore, the
geometry of the top pole (and the metal sacrificial mask
layer) defines the shape of the bottom pole tip
subsequent to milling. Copper is the most preferred
15 metal for reasons of eccnomy, ion milling rates and

wn

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-

20 resist mask used to deposit the top pole layer and first
sacrificial mask layer. 1In one embodiment of the
present invention, a layer of nickel-iron alloy is
deposited upon the metal sacrificial base layer.
Nickel-iron is the material typically used for top and-

25 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

30
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tip 24 As shown in Figure 3H, the mlling process has renoved the

non-al i gned portions of the lower pole tip 26. Shoul d residue
ni ckel-iron remain fromthe 5 sacrifpcial mask layer 32, it is renoved
using a lift- of f process in which the sacrificial mask layer 30 is
stripped away using a copper etch, which | eaves the pole tip

hg . A suitabl I
M A and MY 2: 98 PEERCERTBE RBCEBRRY 810 PecoRBa AR Co T b L€l phat e
(120 al/l) vmdﬁcheduoajlphlm§l1ed andother peliet &lilpe scoppsrura cisnt . Flgure
's a Cro%%c(ﬁosed t3C&h! 9?3' ing%gfggbggég bt %‘T&haltﬁ% tél‘r:efghf'e 3l -

The | ayer nateri to miding
using HF-H G.qrns 1bl)mbams-bho§|’h@-=b©e aoﬁ.5thespod1e ¢dpat i (ﬂh%tﬂﬁﬁlﬁbout (1to

3 mnuses) $p Jiérrs the "REELS &P %ﬁ!@ EQ% éﬁotﬁgﬁ%ﬁe Stdggture,

such as -iron, are not resi Stl‘ per 1s
used to remtw%o@bre%‘élmbelow the mask from the mil ling

process. Those areas of the bottom pole tip and/or gap
layer exposed to the high energy ions are milled away
due to the impact force from the ions.

10 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

13 from the upper pole tip but does not attack the nickel-
iron poles or gap material, and leaves the thin f£ilm
head structure intact. In a multiple layer sacrificial
'mask, should any excess nickel-iron sacrificial layer
femain on the first metal sacrificial layer, it is

20 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

25 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 f£ilm 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 a copper etch as
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I n anot her enbodi nent of the present invention, 20 the to

mask | ayer conprises a photo-resist, cured by heat or

radi ation to induce a negative sl ope. For exanple, if t

t hi ckness is 2 mcrons and the thickness of the |ayer

material is 0.6 mcrons, the sacrificialgmask |ayers 30, 25

2 mecrons and 5 to 6 mcrons, respectively. In Selecting a

bot tjom sacr ddsctibad abaa An@y@:rcesseeamﬁclal matlhphateaesiét whiah remsins bagke 32, the
fol ljlowi ng are usef ul teria: - 30 a. The bottom

sacrji fici al °QﬁP§R14Y£§/&Srre§WSG¢@Y &ift off". different (or chenmically

di stiinct) from tRenyit metal dayer s%nﬁh‘?ﬂ deaﬁ u§ bE&HuSe b A¥f¥érent

(nickel -iron). nmust e a selective chem cal etchant

colour second metal layer facilitates end point detection (i.e., when the milling of
the nickel-iron is complete, the underlying copper coloured mask layer becomes
easily visible). The thickness of the nickel-iron second sacrificial layer covering
the copper sacrificial layer should be equal to, or slightly less than the thickness of
the bottom pole tip. Also, because nickel-iron has a slower milling rate than
copper, it helps to reduce the total thickness of the mask.

In our co-pending patent application EP 90313690 with the publication no.
EP-0 442 213 A2 there is disclosed and claimed the use of a particular profile for
the mask and other layers in the thin film transducer to assist the material removal
process, while in our co-pending application EP 90313691 having the publication
no. EP 0 442 214 A2 there is disclosed and claimed the use of a sacrificial mask
layer which is coextensive with a second magnetic layer. The use of a sacrificial
mask which is chemically distinct from the upper magnetic pole is not claimed
there.

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 read/write head;

Figure 2 is a side cross-sectional view of the head of Figure 1 taken along
the line 2-2; and

Figures 3A to 31 illustrate steps of a method according to the present
invention for manufacturing a thin film magnetic head.

A multi-turn inductive thin film magnetic head 10 is shown
schematically in Figures 1 and 2. Figure 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 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 insulating layer

20. The head 10 is deposited upon a non-magnetic substrate 22 comprising a



which will not attack the underlying -magnetic I R' g’rACEMENT SHEET
(ni ckel -iron). C. The material of the bottom sacifificial

mask 5 | ayer shoul d be conpatible with plating 10 MAY 1999
t hrough the sane photo-resist mask used9to

ceramic compound such as Alzoa-TiC, and an undercoa
of Alzoa.

In fabricating the head 10, several 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 tYpicaI head fabrication process may
account for more than a dozen masking levels and more
than thirty processing steps.

10 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
15 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
20 the substrate 22 and the undercoat 23 using photo-

lithographic techniques.
The view of Figure 3B shows the width of the lower

(8]

pole tip 26.
Figure 3C depicts the lower pole tip 26 and
25 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 sputtering and serves as a
base layer for electro-deposition. The layer 28 of gap
material typically comprises Alzos.

30 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-



pl ate the fop magnetic pole | ayer. d. Th BgPFAQEyg&Ttb pl ate

the bottomsacrificial 10 mask | ayer shoul d jbg conpatible with
the top magnetic |ayer (nickel-iron) so {tHat4ghRAe 999
wi |l not be significant or spontaneous 10 rleact i on. 15

e. Materials having a slowion mlling rate

desirabl e. f. A bottomsacrificial mask

di-f ferent colathoyiraphiike anddmalsking ltaatinkPues. The upperspodef tliipt o
facilitate egg B%iﬁﬁF%eE%Cgﬁgﬁ 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
5 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 bé used. In a
preferred embodiment of the present invention, the
10 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
15 masks such as Au, 2Zn, ¢4, In, P4, 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
20 shown in Figure 3G. 1In 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
25 (1:10). Alternatively, the seed layer 27 can also be
etched chemically. In 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
30 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 shown by the



when the sacrificial mask |ayer is etched. g.
already available during thin film head fabri ¢
desirable to mnimse 25 conpl exi ty.
successive sacrificial nmask |ayers 11 ncl ude: - 30
successive sacrificial mask |ayer(s) e.g. thefs Lci al
mask | ayers 30, 32, '

di stinct)

wn

10

20

25

30
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shoul d be different (or chemcally
arrows. The hifhoentbgyuddeasl prignawmisly |impect 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 layér 32 comprises a
nickel-iron alloy wherein the milling rates thereof and
the lower pole tip 26 are substantially equal. The
milling conditions may be as follows:-

Voltage 850 volts
Background pressure 2x10"° torrs
Argon gas pressure 2x10"° torrs
Current density 0.45 mA/cm2

Tilt angle 15°

Milling rate of copper 810 Angstrom/min
Milling rate of nickel-iron 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 tip structure following
the ion milling process in which a residual layer of the



b. -The ‘material (s) of the successive sacrificial
| ayer (s) should be conpatible with plating thro :
phot o-resi st mask used to plate t he bottom sacrfi fji cja
| ayer. 5 c. The successive skZrificial mask |ayer
have a conpatible plating bath(s) which will not
significantly and spontaneously with the

sacrificial mask layer 30 remains upon the upper

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

5 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

10 Company. Ammonium sulphate (120 g/l) with neutral pH is
another suitable copper etchant. Figure 3I 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

15 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,

20 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 pole tip thickness
is 2 microns and the thickness of the layer of gap
material is 0.6 microns, the sacrificial mask layers 30,

25 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:-

30 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
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underrying-nask | ayer. 10 d. Material s having a sTbﬂMCbenrgHEF
mlling rate are ’ deS|rabIe e.

sacrificial nmask |layer having a 15 different'col Qﬁg %
under | yi ng mask | ayer i slaseful to facilitatfe end A t%@?

det ecti on. f. Mterials already available durifn
head fabrication are desirable to mnimze 20 ) onplexyty
In the present inventi¥dich wilhinet attagk the underlying

layer (nickel-iron).

c. 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.

(9]

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

15 e. Materials having a slow ion milling rate
are desirable.

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

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

Criteria for successive sacrificial mask layers
include:-

30 a. 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.



sacrificial mask |ayer may be used in aligning pole tips REPLAGEMENT ISMRET
filmmagnetic head. If a nmulti-layered mask 25 I s used] |

mat eri al nmay be renoved either selectively with a c1eTi§&£ et chant fr
with alift off process in whichalower sacrificial prasid MAYo1999
conprising a netal or alloy is selectiv ﬁy, chem cally et ched away.
The lift off process allows the use of 30 sacrificial Jayers which woul d

normal 1Y be ol T gU o natersaiTB{of I sl BN IS JATTRPEREToR02d
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 spontanedusly with the
underlying mask layer.

10
d. Materials having a slow ion milling rate are
desirable.

e. A successive sacrificial mask layer having a
15 different colour than the underlying mask layer
is useful to facilitate end point detection.

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

20 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

25 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

30 sacrificial layers which would normally be difficult to
remove without damage to the magnetic head structure.



d.AIIVS * 1. A nethod of manufacturing a thin filmmagnetic head on a
substrate (22, 23) conpri si ng: depositing a nmagnetic.pottom poI e
(26) upon the substrate (22,23); depositing a materi g g

provi ding a magnetic gap upon the magnetic bottom pole (26
depositing a magnetic upper pole (24) upon the material (2§
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CLAIMS

1. A method of manufacturing a thin film magnetic head on a substrate (22,23)
comprising:

depositing a magnetic bottom pole (26) upon the substrate (22,23);

depositing a material (28) for providing a magnetic gap upon the magnetic bottom
pole (26); and

depositing a magnetic upper pole (24) upon the material (28); characterised by:

plating upon the magnetic upper pole (24) a metallic sacrificial mask (30) which is
chemically distinct from the magnetic upper pole (24) such that it can be selectively
etched; wherein the magnetic upper pole (24) and the sacrificial mask (30) are
depo.sited through a photoresist mask (29).

‘2. A method as claimed in claim 1 wherein the step of depositiﬁg said sacrificial
mask comprises depositing one or more of Cu,Au,Zn,Sn,Cd,In,Pd,Os,Rh and Pt #nd
alloys thereof.

3. A method as claimed in claim I or claim 2, comprising depositing a further
sacrificial mask (32) upon the sacrificial mask (30).

4, A method as claimed in claim 3 wherein the step of depositing said further metal
sacrificial mask comprises depositing one or more of Ni-Fe, Cu, Au, Zn, Sn, Cd, In,
Pd, Os, Rh and Pt and alloys thereof.

5. A method as claimed in claim 3 wherein depositing the further sacrificial mask
(32) comprises depositing a photoresist.

6. A method as claimed in claim 5 including curing the photoresist layer to induce a

negative slope.
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pl ati ng* upon the magnetic upper pole (24) a metallic sacrificial mask (30)
which is chemcally distinct fromthe nagnetic upper pole such that
it can be selectively etched; wherein the magnetic upper ,

sacrificial mask (30) are deposited through a photoresi st

sacrificial mask conprises depositing one or nore of

Cd, Au, Zn. Sn, Cd, I n, Pd, Gs, Rh and Pt and alloys,thereof. 3. )
claimed in claim1 or claim2, conprising deB%siting a furdther
mask (32) upon the sacrificial mask (30).

7. A method as claimed in any preceding claim including removing the photoresist
mask (29) following depositing the sacrificial mask (30) and/or the further sacrificial
mask (32).

8. A method as claimed in claim 7 including the step 6f removing portons of the
magnetic bottom pole (26) not aligned with the upper pole (24) following removing the
photoresist mask (29).

9. A method as claimed in claim 8 wherein removing non-aligned portions of the
magnetic bottom pole {26) comprises ion milling thé magnetic bottom pole (26).

10. A method as claimed in claim 8 or 9 including selectively chemically etching the
sacrificial mask (30) following removing non-aligned portions of the magnetic bottom

pole (26).

Iy



4.. A method as claimed in claim3 wherein the step of depositing said
further metal sacrificial mask conprises depositing one or nore of Ni-Fe,
Cu, Au, Zn, Sn, Cd, In, Pd, GCs, Rh and Pt and alloys therepfg,

cqnpri ses depositing a photoresist. 6. met hod as claimed ifn cra
I ncl udi ng curing the photoresist |ayer t0 induce a

ABSTRACT

A METHOD OF MANUFACTURING THIN FILM MAGNETIC HEADS

A method of manufacturing a thin film magnetic
head on a substrate (22, 23) comprising the steps'of
depositing a magnetic bottom pole layer (26) on the

10 substrate, depositing a gap material layer (28) on the
magnetic bottom pole layer, depositing a magnetic upper
pole layer (24) on the gap material layer and depositing
a selectively etchable platable metal sacrificial mask
layer (30) on the magnetic upper pole layer (24).

15

[Figure 31]
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mask (32).

A method as clained in any preceding claimincluding renoving the
mask (29) follow ng depositing the sacrificial fme

7.!
and/or the further sacrificial

phot or esi st

16




8.« A-nethod as clainmed in claim?7 including the step of renmpt-ag
of the nmagnetic bottom pole (26) not aligned with the upper
foll owing renoving the photoresist mask (29). 9. A nethod B
cl aim 8 wherein renoving non-aligned portions of the nagnet
(26) conprises ion mlling the magnetic bottom pole (26).

claimed in claim8 or 9:including selectizvely chemcally et

magnetic bottom pole (26).
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