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MAGNETIC READ/WRITE HEAD AND METHOD OF
MAKING SUCH A HEAD

S - The present invention relates to a magnetic read/
- write head and to a method of making such a head.

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

10 magnetic tape. As data storage requirements have
risen, it has become increasingly desirable to provide
high levels of information storage density on the
magnetic storage medium. Increased storageldensities
require magnetic read/write heads which provide a strdng

15 writing field in relation to the applied writing |
current. This may be achieved by making the anisotropy
field (Hk) as small as possible thereby increasing the
permeability (p). Increased permeability (n) also
results in increased sensitivity when information is

20 read from the magnetic storage medium. Smaller
coercivity (Hc) in a read/writé magnetic head is alsg
desirable. Small coercivity (Hc) causes the domain
pattern in the poles and yoke of the thin £ilm head to
become more stable thereby minimising the effects of

25 ‘Barkhausen noise. _

T U. S. Patent No. 4,661,216 relates to a cobalt-
‘nickel-iron electro-plating composition bath used to
produce a thin film head having a saturation magneti-
“sation (4nMs) of about 19 K gauss, a coercivity (Hc) of

30 = @about 2 Oersteds, an anisotropy field (Hk) of about 13
Oersteds and a permeability (p) of about 1500.

It would be advantageous to produce a thin f£ilm
magnetic head having a yet smaller anisotropic field
(Hk) and coefdivity Hc, while maintaining a large
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]
The present invention relates to a magnetic read/wite head and to a nethod
of maki ng such a head. Thin filmmagnetic read/ wite heads ~al & used
for magnetically reading and witing information on a magnetic berage ﬁ
medi um -such as a magnetic disk or magnetjc tape. As data st or age AN
requi renents have risen, it has become irftreasingly desirable to provide
high levels of information storage density on the magnetic storage nmedi um

I ncreased. saturated magnetisation (M_ or 4mM_ ), and increasing the
permeability (n).
' According to a first aspect of the present
invention, there is pro#ided a magnetic read/write head

5 comprising a substrate, a thin film magnetic core of a
metal alloy supported by the substrate, the magnetic
core including a read/write gap for reading and writing
information, and a coil within the magnetic core,
characterised in that the metal alloy includes boron.

10 According to a second aspect of the present
invention, there is provided a method of forming a
magnetic read/write head characterised by depositing
layers of a magnetic metal alloy, which includes boron,
on a substrate to form a thin film magnetic core.

.15 In its preferred form, the invention features a
magnetic read/write head having a core comprising
cobalt-iron with the boron in the alloy. This core may
be deposited by means of electro-deposition techniques..
The anisotropy field (Hk) may be reduced if an alternating |

20 magnetic field is applied to the core during the
electro-plating process. Aiternatively, the core may
be subjected to a rotating magnetic field during
annealing to lower the anisotropy field (Hk).

The thin f£ilm magnetic head described below has a

25 reduced coercivity H_ and an anisotropy field H while
maintaining a large saturation magnetisation Ms or 4nMs.
It also has an increased permeability p. More
especially, the éobalt-i:on—boron core of the thin film
magnetic head described below has a saturation |

30 magngtisation 411Ms of about 19 K gauss, a coercivity Hc

- of about 1.0 Oersteds, an anisotropy field I-Ik of about
7 Oersteds and a permeability p of about 2500.
The invention is described further, by way of
example, with reference to the accompanying drawings, in
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storage densities require magnetic read/ wite heads which provid ?Qg
witing field inrelation to the applied witing current. This n{i -"Léf%[
achi eved by making the anisotropy field (Hk) as snmall as possible t
i ncreasing the perneability ([err]). IncBeased perneability ([err]) also
results in increased sensitivity when information is read fromthe
magneti c stor‘%$ nedlun1 Smal | er coercivity (H[err]) in aread/wite
magneti c

Figure 1 is a diagrammatic perspective view of a

bar magnet;
Figure 2 is a graph of magnetisation versus
5 applied magnetic field in the direction of the easy axis
of a magnetic material;

Figure 3 is a graph of magnetisation versus
applied magnetic field in the direction of the hard axis
of a magnetic material;

10 Figure 4 is a diagrammatic perspective view of a
thin film magnetic read/write head;

Figure 5 is a plan view of the thin film magnetic
read/write head of Figure 4 showing a magnetic domain

pattern;
15 Figure 6 is a cross sectional view of the thin
film magnetic read/write head of Figure 4; and

Figures 7 to 12 are cross sectional views corres-
ponding to Figure 6 at different stages during the
production of the thin film magnetic read/write head.

20 The present invention provides a thin £film
magnetic head having magnetic characteristics offering
improved performance. The magnetic head of the present
invéntion is formed with a metal alloy comprising
cobalt, iron and boron to improve head performance.

25 A cursory review of magnetism is given first to

' explain the performance characteristics of a thin film
read/write head, together with the meaning and
significance of terms such as easy and hard axis,
anisotropy field (Hk), permeability (p), coercivity

30 '(Hc) and saturation magnetisation (4nMs).

A bar magnet 6 is shown in Figure 1 and has an
easy axis indicated by an arrow 8 and a hard axis
indicated by an arrow 10. The expression eaéy axis
refers to the preferred direction of the magnetisation
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head is al so desirable. Small coercivity (Hc) causes the donmain pattern I n

the poles and yoke of the thin filmhead to becone nore stable tfTe LF A
mni msing the effects of Barkhausen noi se. EP- A- 0303324 Higglases\.Al_
a magnetic material Co[err]Fe[err]B[err] 4herein 0.50 <a < 0.97; 0.01 <b

< 0.20; 0.02 <c <0.1, for use in magneti c heads, which is manufactured

by use of sputtering technl ues. However, as a result of thf Qartlcular
vector (M) within a magnetic material in a rela

state. In a magnet, the easy axis is parallel with the
axis' of the poles. The hard axis, on the other hang,
refers to a direction perpendicular to the easy axis,

5  as shown in Figure 1 by the arrow 10. When a
magnetising field H is applied to a magnetic material,
the magnetisation vector M of the material tends to
deflect in the direction of the applied field H. By
applying a sufficiently large magnetisation field H in a

10 direction other than the direction of the magnetic
material's easy axis, the material's magnetisation
vector M is deflected away from its preferred direction
in the relaxed state, parallel to the easy axis. The
deflected magnetisation vector M is shown as M

15 {Resultant) in Figure 1.

When an alternating magnetic field H is applied to
a mégnetlc material along that material's easy axis, a
graph of magnetisation M versus applied magnetic field H
forms a hysteresis loop as shown in Figure 2. The

20 magnetisation M is shown as 4mM in units of gauss. H,
the applied magnetic field, is shown in units of
Oersteds. -

_ Starting from the point labelled Pl in Figure 2,
as a magnetic field H (in the easy axis direction) is

25 applied to the magnetic material, the magnetisation M
follows the dashed line to the point labelled P2 in
Figure 2. Once the material reaches the point P2 in
Figure 2, the material is saturated énd any additional
magnetic field H applied to the material results in no

30 further increase in the material's magnetisation.
Further increase of the applied magnetic field H moves
the plot to the point labelled P3 in Figure 2. This
saturation magnetisation value is 4TtMs as shown in
Figure 2.
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conposition and its nmethod of manufacture, the nmagnetic material disclosed
in EP-A- 0303324 has a perneability of only about 2000 while the

coercivity (Hc) and the anisotropy field (Hk) are not |ower thaggbout 24:

oer st eds. Yamada et al (J. Appl. Phys. 55(6), 1984, 2235- Z) ‘have

reported a thin filmhead for high density magnetic recording using CozZr

anor phous filns produced by rf.
As the level of the applied magnetic field H is

ldecreased and the direction of its vector is reversed,
the hysteresis graph for the material follows the path
from the point P3 through P2 and to the point labelled

5 P4 in Figure 2. The material's magnetisation does not
change from its saturated value of 4nMs. A further
increase of the applied magnetic field H in the reverse
direction causes the magnetisation M within the magnetic
field to begin to decrease following the path from the

10 peint P4 to the point labelled P5 passing through the
point labelled -Hc on the hysteresis loop shown in
Figure 2. Once the point P5 in Figure 2 is reached,
further increase of the magnetic field H (in the reverse
direction) results in no further increase in the

15 magnetisation of the material and the material is once
again saturated at the value shown as —4nM in Figure 2.
Further increase in the strength of the applled magnetic
field H moves the plot from the point PS5 to the point
labelled P6 in Figure 2.

20 As the applied magnetic field H is increased from
its value at the point P6. through zero, the hysteresis
graph follows the path through the point P5 to the point
labelled P7 in Figure 2 and the magnetisation of the
material does not change from its saturated value of

25 -4nMs. Additional increase of the magnetic field H
causes the material's magnetisation to follow the path
from the point P7 to the point P2 through H_on the
hysteresis loop. By continuing to vary the applied
magnetic field H, the material may be made to

30 repeatedly follow the hysteresis path of Figure 2.

The points labelled Hc and —Hc represent the
coercive force, or coercivity of the magnetic material.
The area of the hysteresis loop corresponds to the
energy loss during one hysteresis cycle. Hysteresis
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magnetron sputtering nethods. Such thin filmheads (Cr[err] Zr[err]) have
coercitivity (Hc) of < 0.05 oersteds, an anisotropy field (Hk)
oefsteds, a perneability of 3500 (at 10 MHz) and a saturation —
magneti sation (4 [err] M) of 14 K gauss. . o

10

20

25

30

loss is the energy lost in the form of heat in over-
coming the friction encountered during domain wall
motion and domain rotation. 1In magnetic read/write

- heads, it is desirable to have a large saturation

magnetisation and a small coercivity H_such that the
shape of the hysteresis loop is generally tall and thin.

Figure 3 shows a further graph of magnetisation M
of a material measured in gauss versus applied magnetic
field H. In Figure 3, the vector H has been applied in
a direction parallel to the hard axis and perpendicular
to the easy axis of the magnetic material. Unlike the
graph of Figure 2, there is no hysteresis loop in the
graph of magnetisation M versus applied magnetic field H
along the hard axis. As in the graph of Figure 2, in
Figure 3, H is the applied magnetic field and 4mM is
the resultant magnetisation vector within the magnetic
material. With no applied magnetic field H, the
magnetisation along the hard axis direction is zero. &as
the value of H is increased in the direction parallel
with the hard axis, the plot of magnetisation follows
the line from the point labelled P8 to the point
labelled P9 in Figure 3. At the point P9, a maximum
magnetisation value 4nMs has been reached for the
material and the material is saturated having a magneti-
sation equal to 4nMs. Further increase in the applied
magnetic field H results in no further increase in the
magnetisation of the material beyond the value 4nM , and
the plot continues to the point labelled P10.

As the applied magnetic field H is reduced through
zero and made increasingly negative, the magnetisation
M of the material decreases from its value at the points
P9 and P10 of 4mM_ through zero at the point P8 and
ultimately reaches saturation again with a value of
-4rtMs at the point labelled P11l in Figure 3. Further
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conponent
and P, i.e.

not

EP- A- 0247868 di scl oses a magnetic head having Fe as its main

i ncluding one or nore elenments at 5 to 20% sel ected from B,
elenents interstitially soluble in Fe. The nagnet|0gfnln1t

formed by the use of sputtering nethods and has a relative pernabitlii ¢

| ess than 1000 and a saturation
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increase in the applied magnetic field (in the reverse

_ direction) beyond the level necessary to reach the point

P11 results in no corresponding increase in the
material's magnetisation M and the plot moves to the
point labelled P12 in Figure 3. '

The value of applied magnetic field H along the
hard axis necessary to place the magnetic material in
saturation is known as the ahisotropic field and is
labelled Hk. The permeability of the material, p, may.
be expressed as:

= 4mM+H = 4mM + 1 = 4mM e (1)

where Ms is the saturated magnetisation value for the
material and Hk is the anisotropy of the material. The

- final approximation in Equation (1) may be made because

the factor 4mM / H is much greater than one. Thus the

. slope of the graph of Figure 3 is approximately equal to

the permeability p of the magnetic material. The larger
that the permeability p is for the material, the
smaller the applied magnetic field H must be to achieve
the same magnetisation 4mM. Figure 3 graphically shows
that as Hk is decreased the permeability n for the
material will increase as the slope of the curve in
Figure 3 increases.

Figure 4 shows a thin film head 12 comprising a
core 13 including an upper pole piece 14 and a lower
pole piece 16. Cornductors 18 extend through the thin
film head 12 and are sandwiched between the upper pole
piece 14 and the lower pole piece 16. The upper pole
piece 14 includes an upper péle tip 20 while the lower
pole piece 16 includes a lower pole tip 22. A gap 24 is
shown as formed between the upper pole tip 20 and the
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magneti sation

relates to a _cobalt-nickel-iron electro-plating
preduce a“thin fil mhead having a saturation magnetisation (4[erp]

of at |east 15 K gauss. U S. patent no. 4,661, 216

of about 19 K gauss, a coercivity (Herr]8 of about 2 oersteds, an

ani sotropy field (Herr])
of about 1500.
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lower pole tip 22. Typically, alumina fills the gap. &

magnetic storage medium (not shown) may be placed near
the gap 24 such that information may be written on or
read from the medium.

Also shown in Figure 4 is an arrow labelled H
(Applied) indicating the direction of the applied
magnetic field H and an arrow labelled M (Relaxed)
indicating the magnetisation M of the thin film head 12
in its relaxed state. In operation, a magnetic storage
medium such as a magnetic disk or a magnetic tape moves
in the region near the gap 24 formed between the upper
pole tip 20 and the lower pole tip 22. As electrical
current is caused to flow in the conductors 18 in the
direction indicated, a magnetic field H will be applied
to the thin film head 12 in the direction shown by the
arrow labelled H (Applied) in Figure 4. This applied
magnetic field causes the magnetisation M of the
material to change direction from the direction
indicated by the arrow labelled M (Relaxed) to the
direction indicated by the arrow formed by the dashed
line labelled M (Résultant). As the dashed line labelled
M (Resultant) is deflected away from the easy axis in a
direction towards the gap 24 formed between the upper
pole tip 20 and the lower pole tip 22 due to the applied
magnetic field H from the electrical current passing
through the conductors 18, the upper pole tip 20 will
become an increasingly strong north pole while the lower
pole tip 22 becomes a south pcle. This causes a fringe
field to form around the gap 24 with a magnetic field
vector having a direction from the upper pole tip 20 to
the lower pole tip 22. '

In a similar manner, if the current through the
conductors 18 were reversed from the direction indicated
in Figure 4, thé'upper pole tip 20 would become a south

—//
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It woul d be advant ageous to produce a thin filmnmagnetic head having a ye
smal ler anisotropic field (Hk) and coercivity (Herr]), while mﬁiﬁfafﬁ

a fFarge  ~
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pole while the lower pole tip 22 would become a north
pole. This would cause a fringe field around the gap 24
with a magnetic field in a direction from the lower pole
tip 22 to the upper pole tip 20. Thus, it is possible
by modulating the flow of the electrical current through
the conductors 18 to modulate the magnetisation of the
uppet pole tip 20 and the lower pole tip 22. The gap 24
between the upper pole tip 20 and the lower pole tip 22
causes a fringe field to extend beyond the region of the
gap 24. When a magnetic storage medium such as a
magnetic disk or a magnetic tape is placed in this
fringe field, information may be recorded by impressing
a magnetic field upon the medium through the fringe
field associated with the thin film head 12. Similarly,
magnetisation patterns impressed upon a storage medium
passing through the fringe field region of thin film

" head 12 cause an electrical current to flow through

conductors 18 such that the stored information may be
recovered.

Figure 5 shows the thin film head 12 of Figure 4
including arrows 15A, 15B and 15C indicating the
direction of the magnetisation vectors M in the magnetic

domains across the upper pole piece 14. Solid arrows

15A in Figure 5 indicate the direction of a magnetic
domain's easy axis. Lines 17 in Figure 5 separating two
adjacent magnetic domains indicate the domain walls.

The solid arrows 15A indicate the direction of the
magnetisation vector M in the relaxed state of the thin
film head 12 along its easy axis. Small vertical arrows
15B along the edge of the upper pole piece 14 shown in
Figure 5 indicate the magnetisation vector in the
closure domains. Closure domains complete the magnetic
circuit between adjacent opposing domains. As

- electrical current is caused to flow through the
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2 saturated magnetisation (M or 4[err]M), and increasing the

S S pernmeability (p). According to a V“PST'aspectf
of. the present i nvention, there is provided a nagnetic Rﬁad/MLJte\rﬁ
head 5. ‘conprising a substrate a thin fil mmagnetic core of a

nmetal all oy supported by the substrate, e magnetic core including a

read/ wite gap for reading and witing .
conductors 18 in the direction indicated, the direction
of the magnetisation vector M of the domains in the
upper pole piece 14 are deflected away from the easy
axis as indicated by the arrows 15C formed by the dashed

5 lines. It is this deflection that causes north and
south poles to form at the upper pole tip 20 and the
lower pole tip 22, respectively. If the anisotropic

field H is made small, thereby increasing the
permeablllty p for the thin film head 12, the required

10 strength of the applied magnetic field H will be lower
to achieve the same amount of'deflection of the
material's magnetisation M and a smaller electrical
current applied through the conductors 18 is required.

| By decreasing the value of the coercivity Hc,

15 domain wall jumping is reduced in the thin film head 12,
minimising the resultant Barkhausen noise. Wwith small
values for the coercivity H_, there is little
hysteresis that can affect the magnetisation rest state.
This promotes the lowest energy condition after removal

20 of any applied magnetic fields.

It is also desirable to have a magnetic head with
a large saturation maghetisation value Ms, such that it
is possible to apply more powerful magnetic fields to
the magnetlc storage medium through the fringe field

25 region. A thin film head having a large permeability R
(which is proportional to M , see Equation (1) above)
will also have increased sen51t1v1ty when information is
read back from the magnetic storage medium. Increased
sensitivity causes even weak changes in the magneti-

30 sation of the magnetic storage medium passing through
the fringe field region of the thin film head 12 to
produce relatively large changes in the electrical
current flowing through the conductors 18.

With the present invention, thin £ilm read/write
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information, and a coil within the magnetic core, characterisged in

that the netal alloy includes boron. 10 - According to a seand..thJ;\[-
aspect of -t he present i nvention, there is provided .a nmethod of *

formng a magneti c read/ w-ite head ﬁgaracterlsed by depositing

| ayers of a magnetic netal alloy, which includes boron on a

substrate to forma thin filmnmagnetic core. Inits preferred

form the | nvaghignabeahibdioas hav%ﬁgﬂggﬁgorgéﬁgg/ #iheplead 2K age

core COITpI’ISI g ron w
my be d¥pesi €Y BoereiNs Lyl Hgl:ectlpw- a8psotrrpy ﬁgcﬁﬁﬁqé@;‘ige

permeability u.
Figure 6 shows a cross sectional view of the thin

5 film magnetic head 12 of Figures 4 and 5. The thin film
head 12 includes a base or "flyer" substrate 25 and the
pole pieces or core 13. The flyer substfate 25 may
comprise, for example, ALSIMAG material. The core 13
comprises the upper polé piece 14 and the lower pole

10 piece 16. The upper pole piece and lower pole piece 14
and 16 form the upper pdle tip 20 and the lower pole tip
22 between which the gap 24 is formed. The core 13 also
includes a rear upper portion 26 and a rear lower
portion 28. The upper pole piece and lower pole piece

15 14 and 16 and rear upper and lower portions 26 and 28 of
the core 13 meet at a centre area or "via" 30 (not shown
in Figures 4 and 5).

The thin f£ilm head 12 of Figure 6 uses two core

windings formed by conductors 18 and 34. Although only

20 the conductors 18 are shown in Figures 4 and 5, the
conductors 18 and 34 are formed in a coil around the via
30 of the core 13 with a portion of the wrapping being
sandwiched between the upper pole piece and lower pole
piece 14 and 16 of the core 13 and a portion of the

25 wrapping sandwiched between the rear upper and lower
portions 26 and 28 of the core 13. The core 13 is
separated from the substrate 25 by a base coat 36.
Typically, the base coat 36 is an insulator such as
alumina, Alzos. The area between the upper pole piece

30 and lower pole piece 14 and 16 is filled with an
insulating material 38. Typically, the insulating
material 38 is photo-resist. .The gap 24 between the
upper pole tip 20.and the lower pole tip 22 is filled
with alumina, Alzos. The insulating material 38 is
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The ani sotropy field (H) may be reduced if an alternating 20 magneti c

field is applied to the core during the el ectro-plating bS},Ed}l[~
Al ternatively, the core may be subjected to a rotating thcl

field during: annealing to | ower the anisotropy field (H).

The thin fil mmgnetic head descri bed bel gw has a 25 reduced coercivity H
and an anisotropy field H while mai ntai ning a |l arge saturation

magneti sation Merr] or 4[err]M It also has an increased perneability

[err]. Mre alsespandwithed bEEweehathelrearbupparcamﬂ dowelre thin film
magnetic head ggsesbRgdabelny Eé%? 8RLUEBELOT 3,
' During fabrlcatlon, multiple heads similar to the

thin film head 12 may be deposited across the entire

5 ‘surface of the base substrate 25. After the layers of
the thin film head 12 are deposited as shown in Figure
6, the base substrate 25 (upon which the head 12 is
formed) is "diced" or sliced into many individual thin
film heads, each carried by a portion of the base

10 substrate 25, such that the upper and lower pole tips
20 and 22 and the gap 24 are exposed. The gap 24 and
pole tips 20 and 22 may then be lapped in a direction
generally inward, towards the centre of the thin film
head 12, to the desired throat dimensions. The

15 lapping process is a grinding process in which the
exposed portion of the gap 24 is applied to a diamond |
slurry. Electrical contacts (not shown) are applied to
the conductors 18 and 24 of the thin film head 12. The
completed head may then be attached to some type of

20 carrYing fixture (not shown) for use in reading and

' writing data on a magnetic storage medium such as a
computer disk.

In operation, the magnetic storage medium is

placed near the upper and lower pole tips 20 and 22

25 which form the gap 24. During the reading operation,
the changing magnetic field due to the moving storage
medium impresses a magnetic field upon the upper and
lower pole tips 20 and 22 formed by the upper pole
pieces and lower pole pieces 14 and 16 of the core 13.

30 This impressed field is carried around the conductors 18
and 34 through the upper pole piece 14, the via 30 and’
the lower pole piece 16 of the core 13. This causes an
electrical current to be induced in the conductors 18
and 34. This electrical current is representative of
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30 magneti sation 4[err]M of about 19 K gauss, a coercivity Herr]

of about 1.0 Cersteds, an anisotropy field H of about a0 tﬁds a
a perneability [err] of about 2500. The invention ksfﬂqscr1b¢
further,” by way of exanple, with reffgence to the accompanyi ng

dr awi ngs,

10
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the magnetic field produéed by the moving magnetic
storage medium. During the write operation, an
electrical current is caused to flow in the conductor 18
or the conductor 34. This results in a magnetic field
in the core 13 which is applied to the storage medium
(not shown) due to the fringing effect at the gap 24
formed between the upper and lower pole ﬁips 20 and 22
of the core 13.

The steps used in fabricating the thin film
magnetic head 12 of Figures 4, 5 and 6 are shown
individually in Figures 7 to 12. 1In the cross secticnal
view of Figure 7, the base substrate 25 is shown. The
base substrate 25 is'typically large_rélative to the
dimensions of the thin film magnetic heads and is
referred to as a "wafer". During the manufacturing
process, many thin film heads. such as the thin film
head 12 typically are fabricated upon the base substrate

25. For this example, however, only the fabrication

of a single thin film magnetic head 12 is shown.
Typically, the base substrate 25 is made of an
electrically conductive material, such as ALSIMAG.

A iayer providing the base coat 36 is deposited
across the entire base substrate 25 as shown in Figure
8. The base coat 36 is a non-conductive material,
typically comprising alumina, Alzoa. The base coat 36
may be applied using sputtering techniques.

As shown in Figure 9, a thin film layer 50 of
magnetic material is applied across the surface using
electro-deposition techniques. This process is

described below in more detail. The layer 50 forms the

lower pole piece 16 and the lower rear portion 28 of the
core 13, as well as the lower pole tip 22 and part of
the via 30. The'layer 50 comprises a portion of the
CoFeB core of the present invention.
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3 whi ch: Figure 1 is a diagrammtic perspective view of

a bar magnet; Figure 2 is a graph of magnetisat+on versqs .
5« applied magnetic field in the direction of the easy axis ?~ of a -
magnetic material; Figure 3 ig4a graph of magnetisation versus"

Using photo-lithographic technigques, the
insulating layer 38 is deposited upon the layer 50 of
‘the core 13 in the shape shown in Figure 10. Alumina,
Alzoa, is deposited in the gap 24. The conductors 34

5 are deposited upon the insulating layer 38 and formed in
.a coiled shape.

In Figure 11, the insulating layer 38 has been.
built up slightly using photo-lithographic masking and
etching techniques. The conductors 18 are deposited

10 similarly to the conductors 34, and formed in a coiled
shape. | o

In Figure 12, the insulating layer 38 has been
built up again and covers the conductors 18 and 34.
Next, another layer of magnetic material is deposited

15 over the structure shown in Figure 12 to form the upper
pole piece 14, the rear upper portion 26 and a portion
of the via 30 as shown in Figure 6. This layer is
deposited using electro-deposition technigques and
comprises CoFeB. | |

20 The upper pole piece 14 and the lower pole piece
16 are deposited upon the substrate 25 through electro-
plating. By applying an alternating magnetic field |
during this electro-deposition step, the anisotropic
field Hk may be reduced. Alternatively, following the

25  deposition step for forming the core of Figure 6 the
core may be annealed in a rotating field to lower the

~ anisotropic field Hk. The electro-plating bath used in
the present invention to deposit the pole pieces 14 and
16 comprises a solution of cobalt, iron and boron. The

30 addition of the boron reduces the coercivity Hc of the
pole pieces. For thicker films forming the upper pole
piece 14 and the lower pole piece 16, this reduction of
coercivity H is even greater. The addition of the
boron has llttle effect on magnetisation saturation flux
density, which remains about 19 K gauss. The ‘addition
of the boron along with a rotating magnetic field
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applled magnetic field in the direction of the hard axis of a nagnetlc

material; 10, Figure 4 is a diagrammtic perspectlve vHeWLof a; 5 ‘f
t hirn f|In1nagnet|c read/ wite head, Figure 5is a ﬁFan Viewiof * =
the thin filmmagnetic read/mmlte hed8 of Figure 4 showi ng a magnetic
domai n pattern; 15 Figure 6 is a cross sectional view of the
thin - filmmagnetic read/wite head of Figure 4; and

Figures 7 to 12PB£be@r@§§1§§cth9nalevtéﬂsdéﬁpﬁé§l°n stepoRdi Het Ysei gre 6

at different s{9g£6iRy'hagnébec field annealing reduces the coerc1v1ty

H of the pole pieces of thin £film head 12. 1In a
preferred embodiment, the concentration of boron in the

5 electro-plating bath varies from about 0.1% to about
2.0% by weight. 1Iron concentration may vary from about
7.0% to about 12.0% by weight with the balance of the
electro-plating bath being cobalt. One suitable'electro-
plating bath for forming the thin film magnetic read/

10 write head of the present invention is:

Table 1
Composition : Amount
15
CoSo47H20 50 to 300 grammes/litre
FeSo¢6H20 3 to 15 grammes/litre
H3303 _ 5 to 50 grammes/litre
20 Sodium saccharin
' dihydrate : 0.5 to 4 grammes/litre
Dodecyl sodium ' '
sulphate 0.1 to 3 grammes/litre
' DMAB 1 to 10 drops/litre of 2
' grammes/50 ml dissolved DMAB
25

Sodium citrate 0.5 to 10 grammes/litre

DMAB (dimethyl amine borane) acts as a reducing agent
and provides the dis-associated boron used for

30 deposition of the CoFeB thin film core. The dis- _
associated cobalt ion may range from 5 to 100 grammes/
litre in the electro-plating bath. The iron ion may
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production of the thin filmmagnetic read/ wite head. 20 The

present invention provides a thin film magneti ¢ head haV| fod
characteristics offering i nproved perfornmance. The nagnéL: Zg {d};ﬂ!
the present invention is formed with a netal alloy conpr|3|ng

cobalt, iron and boron to inprove head pedfor mance. 25 A cursory
reviem/of magnetismis given first to expl ain the performance
characteristics of a _thin film readIMW|te head, together wth the
meani ng and  TangegArPmcAnede ter St g ammes/dd té@%}“a#%%uélf

ani sotropy fiebdathhgr bhkth. P’ geakiabilley temporature @rming thLectro-
plating is about 30°C. A suitable pH for the electro-
plating bath is about 3.5. The ratio between cobalt,

5 iron and boron in the electro-plating bath will remain
approximately the same in the electro-plated film.

Pulse electro-plating may be used during the
deposition of the cobalt-iron-boron core using 6 ampere
pulses with a 10 mS on time and a 90 mS off time. Pulse

10 electro-plating helps maintain the magnetic charac-
teristics of the cobalt-iron-boron core as the core's
thickness grows beyond about 0.5 microns, preventing
the core from becoming isotropic and losing its
hysteresis loop. The thin film exhibits useful magnetlc

15 characteristics for thickness between about 500 A and
about 10 microns,' preferably ranging between about
20008 and about 3 microns. |

It has been discovered that the anisotropy field
Hk of the core may be lowered by two alternative

20 methods. During the electro-deposition of the upper and
lower pole pieces 14 and 16, a rotating magnetic field
may be applied. This field should alternate between

'the normal axis of the core and 90° off the normal axis.
Applving the normal field for 40 seconds of a one minute

25 | cycle and the 90° field for the remaining 20 seconds of
the one minute cycle provides a suitable ratio between
the tw6 field positions. Alternatively, this rotating
field may be applied during an annealing step in which
the core material is subjected to heat.

30 Table 2 shows a comparison between a nickel-iron
core (using 82% nickel in the alloy), a cobalt-iron
core (using 90% cobalt in the alloy), and the cobalt-
iron-boron core of the present invention (also using 90%
cobalt in the alloy). |
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30 (H) and saturation nmagnetisation (4[err]M). A bar magnet 6

Is shown in Figure 1 and has an easy axis indicated by an’QFﬁOWPSIanZ
a hard axis ° i ndi cated by an arrow 10. The expression easy,axn o .
refers to the preferred direction of the {Jgnetisation
f f i
Table 2 g
a—"™
-
Saturation s //
Material - - .
3 Magnetization | —~ 7 S
Core 47Ms He ;HE) B 1
82NiFe 10 KGauss ~0.2 0e ~2.5 Oe ~4000
90CoFe 19 KGauss ~3.0 Oe ~13 Oe ~1500
10 90CoFeB| 19 KGauss ~1.0 0e ~7 ©Oe ~2500

Table 2 shows that H and H are reduced for the

CoFeB core of the present 1nventlon while the value of
15 the permeablllty p is greatly increased over the cobalt-
iron core. '

Using the cobalt-iron-boron core of the present
invention, the thin film magnetic head coercivity Hc is
reduced over that of a cobalt-iron thin film head as the

20 thickness of the film is increased. Using the cobalt-
iron-boron thin f£ilm magnetic head of the present
invention, the head will have a high saturation
magnetisation 4nM , low coercivity Hc, low anisotropy
H and an 1ncreased permeability p. The thin film magnetic

25 read/wrlte head of the present invention offers improved
reading and writing characteristics whereby magnetic
storage density may be increased.

Although the present invention has been descrlbed
with reference to a preferred embodiment, various

30 changes may be made in form and'detail without departing
from the scope of the invention. For example, different -
ratios of cobalt, iron and boron may be used in the core’
and the electro-plating bath.

[
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4 vector (M within a magnetic material in a rel axed state.

In a nagnetz the easy axis is parallel with the axi s of the poles.
The hard axi's, on the other hand, refers-to a direction
per pendicular to the easy axis, 5 as shown in Figure I by thearrow10.
When a magnetising field His appligd to a rragnetlgu]rﬁlimilﬁajﬁnkﬂ
CLAIMS
1. a magnetic read/write head comprising a substrate
5 (25), a thin f£ilm magnetic core (13) of a metal alloy

supported by the substrate, the magnetic core including
a read/write gap (24) for reading and writing infor-
mation, and a coil (18, 34) within the magnetic core,
characterised in that the metal alloy includes boron.

10 2. A magnetic read/write head according to claim 1
characterised in that the magnetic core comprises
cobalt, iron and boron.

3. A magnetic read/write head according to claim 2
characterised in that the magnetic core contains, by

15 weight percentage, about 0.1% to about 2.0% boron,
about 7.0% to about 12.0% iron, and the balance cobalt.
4. A method of forming a magnetic read/write head
characterised by depositing layers (14, 16) of a
magnetic metal alloy, which includes boron, on a

20 substrate (25) to form a thin film magnetic core.

5. A method according to claim 4 characterised in
that the depositing is by electro-deposition, and in
that the electro-deposition employs an electro-plating
bath containing, by weight, about 0.1% to about 2.0%

25' boron, about 7.0% to about 12.0% iron, and the balance
cobalt.

6. A method according to any of claim 4 or 35
characterised by applying a rotating magnetic field to
the layers of the magnetic metal alloy.

30 7. A method of forming a magnetic read/write head
comprising depositing a first magnetic layer (16) on a
substrate (25), depositing gap material on a portion of
the first magnetic layer, depositing insulating
material (38) on a portion of the first magnetic layer,

I —
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4

the magnetisation vector Mof the material tends to deflect in the
direction of the applied field H By applying a sufficiently large
magneti sation field Hin a 10 direction other than the direction of the
magneti ¢ material's easy axis, the nmaterial's nagnetisation

vector Mis deflected away fromits pref%?red di rection in the

rel axed state, parallel to the easy axis. The defl ected nagnetisation

\allletCte?:la{v: In; Wﬂqﬁﬁp%%ﬁ&g Ir‘T’g :?%ee?li"lﬁiif ’%%EII?% f& gfaY%r n&jg?ﬁ%t?% F@?eﬁ\gg al ong
that materi almangas:;c dddyer aover the gap material and the insulating
material, characterised by the application of a
- rotating magnetic field whilst depositing the first and
5 second magnetic layers. _
8. A method of forming a magnetic read/write head
comprising depositing a first magnetic layer (16) on a
substrate (25), depositing gap material on a portion of
the first magnetic layer, depositing insulating
10 material (38) on a portion of the first magnetic layer,
and depositing a second magnetic layer (14) on the first
'magnetic layer over the insulating material and the gap
material, and characterised by annealing the first and
second magnetic layers and applying a rotating magnetic
15 field during the annealing.

.20
25
30
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graph of magnetisation Mversus applied magnetic field H forms a

hysteresis loop as shown in Figure 2. The 20 .magnetisation Mi; §homm ‘ds! £

H
]
1§
b}
-

~4[-err]Min units of gauss. H, the applied magnetic field, ~i5 shown\.
in units of Cer st eds. Starting fromthe point |abelled P1
in Figure 2, as a magnetic field H (2, the easy axis direction) is 25
applied to the magnetic material, the magnetisation M follows the
dashed line to the point |abelled P2 in Figure 2. Once the materi al
reaches the point P2 in Figure B StheR t@rTal is saturated and any
addi ti onal :

MAGNETIC READ/WRITE HEAD AND METHOD OF
MAKING SUCH A HEAD

The invention provides a magnetic read/write head
comprising a substrate (25), a thin film magnetic core
(13) of a metal alloy including boron supported by the
substrate, the core including a read/write gap (24) for

10 reading and writing information, and a coil (18, 34)

within the magnetic core. The head is produced by
electro-deposition techniques, with a rotating magnetic
field being applied during deposition.

15
[Figure 6]
20

25

30
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magnetic field H appliéd to the material results in no 30 furt'zl'rFR&]g'ENAL

increase in the material's nagnetisation. Further increase iQ
applied magnetic field H noves the plot to the point labelled P3 i
Figure 2. This saturation magnetisation value is 4[err]Mas shown fi Tl
Fi gure 2.
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5

decreased and the direction of
graph for the materi al
and to t'he point labelled 5
magneti sati on does not

A further

As the level of the applied magnetic field His
Its vector.-is reversed,
fromthe point P3 through
The material's

M

(Magnetization - Gauss)

foll ows the path

P3

P4 in Figure 2.
change fromits saturated value of 4[err]

H
(Magnetic Field)

(Oersteds)

- -

|

N \-\E
N
Y AN -
/] N
= \ E'
&l N o v
: A
A
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i ncrease of the applied magnetic field Hin the reverse di rection-

causes the nmgnetisation Mwithin the magnetic field to begin to
decrease following the path fromthe 10  point P4 to the point |abelle :
P5 passing through the point |labelled -H on the hysteresis | oop sho ;L
in Figure 2. Once the point P5 in Figure 2 is reached,

further increase of the magnetic field H (in the reverse di rection)
results in no further increase in the 15 magneti sation of the materi al

and the material is once agai n saturated at the value shown as
-4[err]Min Figure 2. Further increase in the strength of the applied
magneti c - -

P10
H
(Magnetic Field)
(Oersteds)

P9
'
'
1
'
'
'
I
'
1
1
'
'
I

H

FIG. 3

M
(Magnetization - Gauss)
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field Hnoves the plot fromthe point P5 to the point | abelled PS5 in. . .

Figure 2. 20 As the applied magnetic field His increaseflifirom~: i\ /4|

its value at- the point P6 through zero, the hysteresis grabh’folrowék““
the path through the point P5 to the point | abel led P7 in Figure 2 Al_

and the magneti sation of the materi al does not change fromits

saturated val ue of 25 -4[err] M. Additional increase of the nmagnetic

field H causes the material's magnetisation to follow the path

fromthe point P7 to the point P2 through H on the hysteresis | oop. By

continuing to vary the applied

- X
- 8
= g ’
- & P
(7]
= /
4 , )
< |, I
e o1
P / o
«

20

12

7
[ ]
FIG. 4
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£ .
magnetic field H the material may be made to 30 repeatedly fol+row the ; :

hysteresis path of Figure 2. The points |abelled H andhiFfiﬂﬂ§§fo!
represent. t he coercive force, or coercivity of the magnetic naterial.ér -
The area of the hysteresis |oop corresponds to the energy | oss during Al

one hysteresis cycle. Hysteresis

This Sheet Has Been RTlaced
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? .
6 loss is the energy lost in the formof heat in over- “ieoning . -

the friction encountered during domain wall notion and domai n
rotation. In nmagnetic read/wite heads, it is desirable to have a g
| arge saturation 5 magneti sation and a small coercivity Herr] such tha A;L
t he '
Q8

FIG. 6
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¢ ™ o
shape of the hysteresis loop is generally tall and thin. i“f;EﬁdEgpr;%
3 shows a further graph of magnetisation M of a material neasured In
gauss ver-sus applied magnetic field H In Figure 3, the vector Hh
been applied in 10 a direction parallel to the hard axis and %?
per pendi cul ar to the easy axis of the nmagnetic material. Unlike the /;L
graph of Figure 2, there is no hysteresis loop in the . graph of
magneti sati on M versus applied nmagnetic field H al ong the hard axis.

As in the graph of Figure 2, in 15 Figure 3, His the applied magnetic
field and 4[err]Mis the resultant magnetisation vector within the
magneti c

30 50

J )/

16
A
FIG. 9

225\\\
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mat eri al . Wth no applied magnetic field H, the magneti sation al ong

‘the hard axis direction is zero. As the value of His |ncreq§ed_|n\ngﬁ ﬁ‘
ditection parallel 20 wth the hard axis, the plot of magnetisation - i\ (1
fol | ows the line fromthe point | abel led P8 to the poi nt : Iabellea

P9 in Figure 3. At the point P9, a maxinum ~magnetisation val ue /{J/
4[ err] M has been reached for the material and the material is

saturated having a magneti- 25 sation equal to 4[err]M. Further increas

in the applied magnetic field Hresults in no further increase in the

magneti sation of the material beyond the value 4[err]M, and

[ (]
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¥
the plot continues to the point |abelled P10. As the applied
magnetic field His reduced through 30 zero and made increasi@@lfy i~ "1 1A |
nekgjative,” the nmagneti sation M of the material decreases fromits oL
value at the points P9 and P10 of 4[err]M through zero at the point
P8 and ultimately reaches saturation again with a val ue of /02
-4[err]M at the point |abelled P11 in Figure 3. Further /,)
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MAGNETIC READ/WRITE HEAD AND METHOD OF
MAKING SUCH A HEAD

The present invention relates to a magnetic read/
write head and to a method of making such a head.

Thin film magnetic read/write heads are used for
magnetically reading and writing information on a |
magnetic storage medium, such as a magnetic disk or
magnetic tape. As data storage requirements have
risen, it has become increasingly desirable to provide
high levels of information storage density on the
magnetic storage medium. Increased storage densities
require magnetic read/write heads which provide a strong
writing field in relation to the applied writing
current. This may be achieved by making the anisotropy
field (Hk).as small as possible thereby increasing the
permeability (p).
results in increased sensitivity when information is

Smaller

Increased permeability (p) also

read from the magnetic storage medium.
coercivity (H ) in a read/write magnetic head is also
desirable. Small coercivity (H ) causes the domain
pattern in the poles and yoke of the ‘thin film head to
become more stable thereby minimising the effects of
Barkhausen noise.

U. S. Patent No. 4,661,216 relates to a cobalt-
nickel-iron electro-plating composition bath used to
produce a thin £ilm head having a saturation magneti-
sation (4nMs) of about 19 K gauss, a coercivity (Hc) of
about 2 Oersteds, an anisotropy field (Hk) of about 13
Oersteds and a permeability (p) of about 1500.

It would be advantageous to produce a thin film
magnetic head having a yet smaller anisotropic field

(Hk) and coercivity}Hc, while maintaining a large

27 AUG 1836
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5  point labelled P12 in Figure 3. The val ue of applied
magrietic field H along the hard axis necessary to place the nagnetic
material in saturation is known as the anisotropic field and is

| abelled H. The perneability of the mate2ial, [err], may 10 be
expressed as: [err] = B = 4[err]MH = 4[err]M + 1 =
4 err] M ..o (D -~ H H H H

Kk saturated magnetisation (Ms or 4nMs), and increasing the

permeability (u).

According to a first aspect of the present
invention, there is provided a magnetic read/write head
comprising a substrate, a thin film magnetic core of a
metal alloy supported by the substrate, the magnetic
core including a read/write gap for reading and writing
information, and a coil within the magnetic core,
characterised in that the metal alloy includes boron.

According to a second aspect of the present
invention, there is provided a method of forming a
magnetic read/write head characterised by depositing
layers of a magnetic metal alloy, which includes boron,
on a substrate to form a thin £ilm magnetic core.

In its preferred form, the invention features a
magnetic read/write head having a core comprising
cobalt-iron with the boron in the alloy. This core may
be deposited by means of electro-deposition technigques.
The anlsotropy field (H ) may be reduced if an alternating
magnetic field is applled to the core during the
electro-plating process. Alternatively, the core may
be subjected to a rotating magnetic field during
annealing to lower the anisotropy field (Hk).

The thin film magnetic head described below has a
"reduced coercivity Hc and an anisotropy field Hk while
maintaining a large saturation magnetisation Ms or 4nMs.
It also has an increased permeability p. More
especially, the éobalt-iron—boron core of the thin film
magnetic head described below has a saturation
magnetisation 41'cMs of "about 19 K gauss, a coercivity Hc
of about 1.0 Oersteds, an anisotropy field Hk of about
7 Oersteds and a permeability p of about 2500.

The invention is described further, by way of
example, with reference to the accompanying drawings, in

I —
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15 where M is the saturated nagneti sation value for the mat eri al

and His the anisotropy of the material. The final approximation in
"Equation (1) may be nmade because the factor 4[err]M/ His nmuch
greater than one. Thus the sl ope of 3t he graph of Figure 3 is

approximately equal to 20 the perneability p of the nmagnetic material.
The | arger whidfat the permeability p is for the material, the
smal l er the applied magnetic field H nust be to achieve t he_sane
nmagneti sati on 4[ err |RASUTY Lk i 3yrdiAgramnyt spoperspectiveyied ofia

decreased.t he mer pdndt fy p for the

Figure 2 is a graph of magnetisation versus
applied magnetic field in the direction of the easy axis
of a magnetic material; |

Figure 3 is a graph'of magnetisation versus
applied magnetic field in the direction of the hard axis
of a magnetic material;

Figure 4 is a diagrammatic perspective view of a
thin film magnetic read/write head;

Figure 5 is a plan view of the thin film magnetic
read/write head of Flgure 4 showing a magnetic domain
pattern;

Figure 6 is a cross sectional view of the thin
film magnetic read/write head of Figure 4; and

Figures 7 to 12 are cross sectional views corres-
ponding to Figure 6 at different stages during the
production of the thin film magnetic read/write head.

The present invention provides a thin film
magnetic head having magnetic characteristics offering
improved performance. The magnetic head of the present
invention is formed with a metal alloy comprising
cobalt, iron and boron to improve head performance.

A cursory review of magnetism is given first to
explain the performance characteristics of ‘a thin film
read/write head, together with the meaning and
significance of terms such as easy and hard axis,
anisotropy field (Hk), permeability (n), coercivity
(Hc) and saturation magnetisation (4nM ).

A bar magnet 6 is shown in Flgure 1 and has an
easy axis indicated by an arrow 8 and a hard axis
indicated by an arrow 10. The expression easy axis
refers to the preferred direction of the magnetisation

Thig is {he replacement sheet
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25 material will increase as the slope of the curve in Figure 3

‘i ncreases. : Figure 4 shows a thin filmhead 12 conprising a
-core 13 including an upper pole piece 14 and a | ower pol e pi ece 16.
“Conductors 18 extend through the thin 30 4 filmhead 12 and are sandwi ched
"bet ween the upper pole plece 14 and the |ower pole piece 16. The upper

B?'eie 16 (o Reb e ShER R RS R LR ALY L8 e bl
“bet ween the upp@ntpoleInlp magaa& t héhe easy axis is parallel with the

axis of the poles. The hard axis, on the other hand,
refers to a direction perpendicular to the easy axis,
as shown in Figure 1 by the arrow 10. When a
magnetising field H is applied to a magnetic material,
the magnetisation vector M of the material tends to
deflect in the direction of the applied field H. By
applying a sufficiently large magnetisation field H in a
direction other than the direction of the magnetic
material's easy axis, the material's magnetisation
vector M is deflected away from its preferred direction
in the relaxed state, parallel to the easy axis. The
deflected magnetisation vector M is shown as M
(Resultant) in Figure 1.

When an alternating magnetic field H is applied to
a magnetic material along that material's easy axis, a
graph of magnetisation M versus applied magnetic field H
forms a hysteresis loop as shown in Figure 2. The
magnetisation M is shown as 4nM in units of gauss. H,
the applied magnetic field, is shown in units of
Oersteds. ' |

Starting from the point labelled Pl in Figure 2,
as a magnetic field H (in the easy axis direction) is
applied to the magnetic material, the magnetisation M
follows the dashed line to the point labelled P2 in
Figure 2. Once the material reaches the point P2 in
Figure 2, the material is saturated and any additional
magnetic field H applied to the material results in no
further increase in the material's magnetisation.
Further increase of the applied magnetic field H moves
the plot to the point labelled P3 in Figure 2. This
saturation magnetisation value is 4nMs as shown in
Figure 2.

/ This is the replaceent sheet
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| ower pole tip 22. Typically, alumina fills the gap. A

As the level of the applied magnetic field H is
decreased and the direction of its vector is reversed,
the hysteresis graph for the material follows the path
from the point P3 through P2 and to the point labelled
P4 in Figure 2. The material's magnetisation does not
change from its saturated value of 4nM . A further
increase of the applied magnetic fieldsH in the reverse
direction causes the megnetisation M within the magnetic
field to begin to decrease following the path from the
point P4 to the point labelled P5 passing through the
point labelled -H on the hysteresis loop shown in
Figure 2. Once the point P5 in Figure 2 is reached,
further increase of the magnetic field H (in the reverse
direction) results in no further increase in the _
magnetisation of the material and the material is once
again saturated at the value shown as -4rtMs in Figﬁre 2.
Further increase in the strength of the applied magnetic
field H moves the plot from the point P5 to the point
labelled P6 in Figure 2. '

As the applied magnetic field H is increased from
its value at the point P6 through zero, ‘the hysteresis
graph follows the path through the point P5 to the point
labelled P7 in Figure 2 and the magnetisation of the
material does not change from its saturated value of
-4nM . Additional increase of the magnetic field H
causes the material's magnetisation to follow the path
from the point P7 to the point P2 through H on the
hysteresis loop. By continuing to vary the applied
magnetic field H, the material may be made to
repeatedly follow the hysteresis path of Figure 2.

The points labelled Hc and —Hc represent the
coercive force, or coercivity of the magnetic material.
The area of the hysteresis loop corresponds to the
energy loss during one hysteresis cycle. Hysteresis

/ .
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magnetic storage nmedium (not shown) nay be placed near the gap 24

such’ t hat

I nformation nay be witten on or read fromthe nmedium 5

:Al'so shown in Figure 4 is an arrow | abelled H (Applied) indicating
.the direction of the applied magnetigc field H and an arrow | abel |l ed M

' (Rel axed)

I ndi cating the nmagnetisation Mof the thin filmhead 12

inits relaxed state. In operation, a nmagnetic storage 10 medi um such as
-a magneti c di skoss dsmipiecenergypdostiven the form tofe headi dm me@r-t he gap

24 fornmed bet

el ectri cal

WeBhihge theP¥riction BRCBUhR AW ATihIP dodilh RAIIG 1P 22 A
motion and domain rotation. In magnetic read/write
heads, it is desirable to have a large saturation
magnetisation and a small coercivity Hc such that the
shape of the hysteresis loop is generally tall and thin.

Figure 3 shows a further graph of magnetisation M
of a material measured in gauss versus applied magnetic
field H. 1In Figure 3, the vector H has been applied in
a direction parallel to the hard axis and perpendicular
to the easy axis of the magnétic material. Unlike the
graph of Figure 2, there is no hysteresis loop in the
graph of magnetisation M versus applied magnetic field H
along the hard axis. As in the graph of Figure 2, in
Figure 3, H is the applied magnetic field and 4mM is
the resultant magnetisation vector within the magnetic
material. With no applied magnetic field H, the
magnetisation along the hard axis direction is zero. As

- the value of H is increased in the direction parallel

with the hard axis, the plot of magnetisation follows
the line from the point labelled P8 to the point
labelled P9 in Figure 3. At the point P9, a maximum
magnetisation value 4nM has been reached for the
material and the materi;l is saturated having a magneti-
sation equal to 4nMs. Further increase in the applied
magnetic field H results in no further increase in the
magnetisation of the material beyond the value 4nMs, and
the plot continues to the point labelled P10. _

As the applied magnetic field H is reduced through
Zzero and made increasingly negative, the magnetisation
M of the material decreases from its value at the points
P9 and P10 of 411Ms through zero at the point P8 and
ultimately reaches saturation again with a value of
-4TtMs at the point labelled P11l in Figure 3. Further

‘This is the replacement sheet

Date: ¢ | AUG 1998

Sheet Has Been Replaced

TG




current is caused to flowin the conductors 18 in the direction
I ndi cated, a magnetic field Hwll be applied 15 to the thin filmhead 12

‘in the direction shown by the arrow |Labelled H (Applied) in Figure 4.
. Thi s appl i ed magnetic field causes t e magneti sati on M of the
'material to change direction fromthe direction I ndi cated by the arrow

M (Resul tant) férdetion)ecbeyond thenléetelensgeasasyi hoareach dheepbivk
towards the gap;24rbeied PRt ¥WECRoLPEsHBRBing increase in the
material's magnetisation M and the plot moves to the
point labelled P12 in Figure 3.
The value of applied magnetic field H along the

the dashed - LBEFARSPoRbI FRA RPPRER) PARDSE Lhs SRRIGILeRoATE AEVEASH! | od

hard axis necessary to place the magnetic material in
saturation is known as the anisotropic field and is
labelled Hk. The permeability of the material, p, may
be expressed as: '

ki
L}

= 4mM+H = 4mM + 1 = 4rtMs ..o (1)
H H H

B
H
k

where M_is the saturated magnetisation value for the
material and Hk is the anisotropy of the material. The
final approximation in Equation (1) may be made because
the factor 4nmM / H is much greater than one. Thus the
slope of the graph of Figure 3 is approximately equal to
the permeability p of the magnetic material. The larger
that the permeability p is for the material, the
smaller the applied magnetic field H must be to achieve
the same magnetisation 4nM. Figure 3 graphically shows
that as Hk is decreased the permeability p for the
material will increase as the slope of the curve in
Figure 3 increases.

Figure 4 shows a thin film head 12 comprising a
core 13 inéluding an upper pole piece 14 and a lower
pole piece 16. Conductors 18 extend through the thin
film head 12 and are sandwiched between the upper pole
piece 14 and the lower pole piece 16. The upper pole
piece 14 includes an upper'péle tip 20 while the lower
pcle piece 16 includes é lower pole tip 22. A gap 24 is
shown as formed between the upper pole tip 20 and the
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pole tip 20 and the lower pole tip 22 due to the applied 25 magneti c

field Hfromthe electrical current passing t hrough the conductors 18,
:the upper pole tip 20 will beconme an _increasingly strong north pole
‘whil& the | owner pole tip 22 becones & south pole. This causes a fringe

'field to formaround the gap 24 with a magnetic field 30 vector having a
direct ] on {1 oMy LNErUBREL, PRECab!P 800k 2w, 1 1TuhHE! £83E EhE o p,
reversed from mhgndtiecstoragedmediasl (not shoWhgumaydbet ptacpdenepal e tip
20 would beconghg-éggt54 such that information may be written on or
read from the medium.
Also shown in Figure 4 is an arrow labelled H
(Applied) indicating the direction of the applied
magnetic field H and an arrow labelled M (Relaxed)
indicating the magnetisation M of the thin f£ilm head 12
in its relaxed state. 1In operation, a magnetic storage
medium such as a magnetic disk or a magnetic tape moves
in the region near the gap 24 formed between the upper
pole tip 20 and the lower pole tip 22. As electrical
current is caused to flow in the conductors 18 in the
direction indicated, a magnetic field H will be applied
to the thin film head 12 in the direction shown by the
arrow labelled H (Applied) in Figure 4. This applied
magnetic field causes the magnetisation M of the
- material to change direction from the direction
indicated by the arrow labelled M (Relaxed) to the
direction indicated by the arrow formed by the dashed
line labelled M (Resultant). As the dashed line labelled
M (Resultant) is deflected away from the easy axis in a
direction towards the gap 24 formed between the upper
pole tip 20 and the lower pole tip 22 due to the applied
magnetic field H from the electrical current passing
through the conductors 18, the upper pole tip 20 will
become an increasingly strong north pole while the lower
pole tip 22 becomes a south pole. This causes a fringe
field to form around the gap 24 with a magnetic field
vector having a direction from the upper pole tip 20 to ;
the lower pole tip 22. i
In a similar'manner, if the current through the '
conductors 18 were reversed from the direction indicated
in Figure 4, the upper pole tip 20 would become a south
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pole while the Iower pole tip 22 would becone a north

9

pole while the lower pole tip 22 would become a north
pole. This would cause a fringe field around the gap 24
with a magnetic field in a direction from the lower pole
tip 22 to the upper pole tip 20. Thus, it is possible
by modulating the flow of the electrical current through
the conductors 18 to modulate the magnetisation of the
upper pole tip 20 and the lower pole tip 22. The gap 24
between the upper pole tip 20 and the lower pole tip 22
causes a fringe field to extend beyond the region of the
gap 24. When a magnetic storage medium such as a
magnetic disk or a magnetic tape is placed in this
fringe field, information may be recorded by impressing
a magnetic field upon the medium through the fringe
field associated with the thin film head 12. Similarly,
magnetisation patterns impressed upon a storage medium
passing through the fringe field region of thin film
head 12 cause an electrical current to flow through
conductors 18 such that the stored information may be
recovered.

-Figure 5 shows the thin film head 12 of Figure 4
including arrows 15A, 15B and 15C indicating the
direction of the magnetisétion vectors M in the magnetic
domains across the upper pole piece 14. Solid arrows
152 in Figure 5 indicate the direction of a magnetic
domain's easy axis. Lines 17 in Figure 5 separating two
adjacent magnetic domains indicate the domain walls.

The solid arrows 15A indicate the direction of the
magnetisation vector M in the relaxed state of the thin
film head 12 along its easy axis. Small vertical arrows
15B along the edge of the upper pole piece 14 shown in
Figure 5 indicate the magnetisation vector in the
closure domains. Closure domains complete the magnetic
circuit between adjacent opposing domains. As
electrical current is caused to flow through the
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pole, This would cause a fringe field around the gap 24 with a
magnetic field in a direction fromthe | ower pole tip 22 to the upper
‘pole tip 20. Thus, it is possible 5 by nodul ating the flow of the

el ectrical current through t he conduttors 18 to nodul ate the
lmagneti sation of the upper pole tip 20 and the Iower pole tip 22. The
‘gap 24 bet ween the upper pole tip 20 and the lower pole tip 22

causes a fringeORRRFEOED bktimdtheydheeetton ehndicatedhe the dimpchion wien
a nmagnetic st opfgEheBfh diile SLEA 86n dvector MISL! t ke diSka Ofis aifiBEREt i C t ape
Is placed in this . ringe fifld’ |£fginat|gn ma Pe recorded by

upper pole piece ate deflected away from the easy

| mpressing

axis as indicated by the arrows 15C formed by the dashed
lines. It is this deflection that causes north and
south poles to form at the upper pole tip 20 and the
lower pole tip 22, respectively. If the anisotropic
field Hk is made small, thereby increasing the
permeability p for the thin f£ilm head 12, the required
strength of the applied magnetic field H will be lower
to achieve the same amount of deflection of the
material's magnetisation M and a smaller electrical
current applied through the conductors 18 is required.

By decreasing the value of the coercivity Hc,
domain wall jumping is reduced in the thin film head 12,
minimising the resultant Barkhausen noise. With small
values for the coercivity Hc, there is little
hysteresis that can affect the magnetisation rest state.
This promotes the lowest energy condition after removal
of any applied magnetic fields.

It is also desirable to have a magnetic head with
a large saturation magnetisation value Ms, such that it
is possible to apply more powerful magnetic fields to
the magnetic storage medium through the fringe field
region. A thin film head having a large permeability n
(which is proportional to M;, see Equation (1) above)
will also have increased sensitivity when information is
read back from the magnetic storage medium. Increased
sensitivity causes even weak changes in the magneti-
sation of the magnetic storage medium passing through
the fringe field region of the thin film head 12 to
produce relatively large changes in the electrical
current flowing through the conductors 18. |

With the present invention, thin film read/write
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a magnetic field upon the nmediumthrough the fringe field associ ated
with-the thin filmhead 12. Sinmilarly, 15 magneti sation patterns

i npressed upon a storage medi um passi ng through the fringe field
regi-on of thin film head 12 cause angg¢lectrical current to flow

t hr ough conductors 18 such that the stored information may be
recovered. 20. Figure 5 shows the thin filmhead 12 of Figure 4

i ncl udi ng arrd«eadékré&&@&tdcé&&i%gialaﬁgetﬁsmratm& reaghevisdt ide
-”Bgnet'Sat'on.%:CtoiéwhéééEé 5ﬁtyq§et' low anffl f&gyaﬁrQQEdtferQper pol e

pi ece 14. Sol i'0s arrowns
permeability .

Figure 6 shows a cross sectional view of the thin
film magnetic head 12 of_Figures'4 and 5. The thin film
head 12 includes a base or "flyer" substrate 25 and the
pole pieces or éore 13. The flyer substrate 25 may
comprise, for example, ALSIMAG material. The core 13
comprises the uppér pole piece 14 and the lower pole
piece 16. The upper pole piece and lower pole piece 14
and 16 form the upper pole tip 20 and the lower pole tip
22 between which the gap 24 is formed. The core 13 also
includes a rear upper portion 26 and a rear lower
portion 28. The upper pole piece and lower pole piece
14 and 16 and rear upper and lower portions 26 and 28 of
the core 13 meet at a centre area or "via" 30 (not shown
in Figures 4 and 5).

The thin film head 12 of Figure 6 uses two core
windings formed by conductors 18 and 34. Although only
the conductors 18 are shown in Figures 4 and 5, the
conductors 18 and 34 are formed in a coil around the via
30 of the core 13 with a portion of the wrapping being
sandwiched between the upper pole piece and lower pole
piece 14 and 16 of the core 13 and a portion of the
wrapping sandwiched between the rear upper and lower
portions 26 and 28 of the core 13. The core 13 is
separated from the substrate 25 by a base coat 36.
Typically, the base coat 36 is an insulator such as
alumina, Alzos. The area between the upper pole piece
and lower pole piece 14 and 16 is filled with an
insulating material 38. Typically, the insulating
material 38 is photo~resist. The gap 24 between the
upper pole tip 20 and the lower pole tip 22 is filled
with alumina, Alzos. The insulating material 38 is

-
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15A in Figure 5 indicate the direction of a magnetic 25 domai n' s easy
axis. Lines 17 in Figure 5 separating two adj acent magneti c domai ns
‘indicate the dormain walls. The solid arrows 15A indicate the direction
-of the magnetisation vector Min thejkel axed state of the thin
(filmhead 12 along its easy axis. Small vertical arrows 30 15B al ong the
'edge of the upper pole piece 14 shown in Figure 5 indicate the

magnet i sati on aeebosanaw‘ibaed betfk@fUtBed2BRIrNGppElroanae 1daari ns conpl et e

t he magnetic portxbﬁgubg amggn gdkggeggrgp9g3|ng domai ns. As
- During fabrication, multiple heads similar to the
thin film head 12 may be deposited across the entire
surface of the base substrate 25. After the layers of
the thin film head 12 are deposited as shown in Figure
6, the base substrate 25 (upon which the head 12 is
formed) is "diced" or sliced into many individual thin
film heads, each carried by a portion of the base
substrate 25, such that the upper and lower pole tips
20 and 22 and the gap 24 are exposed. The gap 24 and
pole tips 20 and 22 may then be lapped in a direction
generally inward, towards the centre of the thin £film
head 12, to the desired throat dimensions. The
lapping process is a grinding process in which the
exposed portion of the gap 24 is applied to a diamond
slurry. Electrical contacts (not shown) are applied to
the conductors 18 and 24 of the thin film head 12. The
completed head may then be attached to some type of
carrying fixture (not shown) for use in reading and
writing data on a magnetic storage medium such as a
computer disk.
'In operation, the magnetic storage medium is
placed near the upper and lower pole tips 20 and 22
. which form the gap 24. During the reading operation,
the changing magnetic field due to the moving storage
medium impresses a magnetic field upon the upper and
lower pole tips 20 and 22 formed by the upper pole
pieces and lower pole pieces 14 and 16 of the core 13.
This impressed field is carried around the conductors 18
and 34 through the upper pole piece 14, the via 30 and
the lower pole piece 16 of the core 13. This causes an
electrical current to be induced in the conductors 18
and 34. This electrical current is representative of
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el ectrical current is caused to flow through the

10

13

the magnetic field produced by the moving magnetic
storage medium. During the write operation, an
electrical current is caused to flow in the conductor 18
or the conductor 34. This results in a magnetic field
in the core 13 which is applied to the storage medium
(not shown) due to the fringing effect at the gap 24
formed between the upper and lower pole ﬁips 20 and 22
of the core 13. '

The steps used in fabricating the thin film
magnetic head 12 of Figures 4, 5 and 6 are shown
individually in Figures 7 to 12. In the cross sectional
view of Figure 7, the base substrate 25 is shown. The
base substrate 25 is typically large relative to the
dimensions of the thin film magnetic heads and is
referred to as a "wafer". During the manufacturing
process, many thin film heads such as the thin film
head 12 typidally are fabricated upon the base substrate
25. For this example, however, only the fabrication
of a single thin film magnetic head 12 is shown.
Typically, the base substrate 25 is made of an
electrically conductive material, such as ALSIMAG.

A layer providing the base coat 36 is deposited
across the entire base substrate 25 as shown in Figure
8. The base coat 36 is a non-conductive material,
typically comprising alumina, Alzos, The base coat 36
may be applied using sputtering techniques.

As shown in Figure 9,. a thin film layer 50 of
magnetic material is applied across the surface using
electro-deposition techniques. This process is
described below in more detail. The layer 50 forms the
lower pole piece 16 and the lower rear portion 28 of the
core 13, as well as the lower pole tip 22 and part of
the via 30. The layer 50 comprises a portion of the
CoFeB core of the present invention.
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conductors 18 in the direction indicated, the direction of the

‘magnet i sation vector Mof the donmins in the ‘upper pole piece 14 are
defl ected away fromthe easy axis‘as‘éndicated by the arrows 15C
formed by the dashed 5 lines. It is tHi% deflection that causes north

and _ south poles to format the upper pole tip 20 and the | ower
Smai 1, fhereby | nerodsins mhoto- IRt Reehaiqres o B (hin 11 m
head 12, the rddfWeatdiny layer R Hsofdapesides iwwmbnadieetlayey U af wil | be
| ower the core 13 in the shape shown in Figure 10. Alumina,

Alzoa, is deposited in the gap 24. The conductors 34

are deposited upon the insulating layer 38 and formed in

a coiled shape.

In Figure 11, the insulating layer 38 has been

built up slightly using photo-lithographic masking and
etching techniques. The conductors 18 are deposited
similarly to the conductors 34, and formed in a coiled
shape.
_ In Figure 12, the insulating layer 38 has been
built up again and covers the conductors 18 and 34.
Next, another layer of magnetic material is deposited
over the structure shown in Figure 12 to form the upper
pole piece 14, the rear upper portion 26 and a portion
of the via 30 as shown in Figure 6. This layer is
deposited using electro-deposition techniques and
comprises CoFeB.

_ The upper pole piece 14 and the lower pole piece
16 are deposited upon the substrate 25 through electro-
plating. By applying an alternating magnetic field
during this electro-deposition step, the anisotropic
field Hk may be reduced. Alternatively, following the
‘deposition step for forming the core of Figure 6 the
core may be annealed in a rotating field to lower the
anisotropic field Hk. The electro-plating bath used in
the present invention to deposit the pole pieces 14 and
16 comprises a solution of cobalt, iron and boron. The
addition of the boron reduces the coercivity Hc of the
pocle pieces. For thicker films forming the upper pole
piece 14 and the lower pole piece 16, this reduction of
coercivity'Hc is even greater. The addition of the '
boron has little effect on magnetisation saturation flux
density, which remains about 19 K gauss. The addition
of the boron along with a rotating magnetic field
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to achi eve the sane anount of deflection of the material's

magneti sation Mand a snaller electrical current applied through the

conductors 18 is required. By decreasing the value of the

coercivity Herr] 15 domain wal |l junpind3is reduced in the thin film head

12, m ni m sing the resultant Barkhausen noise. Wth small - val ues

for the coerC|V|tX éerr steresis thﬁ; can affect
18 &r 4§y

th litt
the magneti sat *BR dE%&P@ Ehe ei?ﬁ% p§8985é§ %HeStSRegf & of
condi tion afterotatibngl m&@gnetdt fngldpphhedldngnettiacksekts. coerc1v1ty | t

Is also des'raﬁleofOtﬁévﬁoientgggbpo?e§H1W'Eglm head 12. 1In a
preferred embodiment, the concentration of boron in the
electro-plating bath varies from about 0.1% toc about
2.0% by weight. 1Iron concentration may vary from about
7.0% to about 12.0% by weight with the balance of the
electro-plating bath being cobalt. One suitable electro-
plating bath for forming the thin film magnetic read/

-~ write head of the present invention is: '

Table 1

Composition Amount
COSO47H20 | 50 to 300 grammes/litre
Fe5046H20 3 to 15 grammes/litre
H3303 -5 to 50 grammes/litre
Sodium saccharin
dihydrate 0.5 to 4 grammes/litre
Dodecyl sodium

_ sulphate 0.1 to 3 grammes/litre
DMAB 1 to 10 drops/litre of 2

grammes/50 ml dissolved DMAB

Sodium citrate 0.5 to 10 grammes/litre

DMAB (dimethyl amine borane) acts as a reducing agent
and provides the dis-associated boron used for

- deposition of the CoFeB thin £ilm core. The dis-
associated cobalt ion may range from 5 to 100 grammes/
litre in the electro-plating bath. The iron ion may
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a large saturation nmagnetisation value M, such that it I's pessible to
apply nore powerful magnetic fields to the magneti c storage nedi um
through the fringe field 25 region. A thin filmhead having a | arge
pernmeability [err] (which is proportieonal to M, see Equation (1)
above) wi ||l also have increased sensitivity when information is

‘read back fromthe magnetic storage nmedium | ncreased sensitivity
causes even weXRngRafgew Pn2t ho Arfngramm@s/litaei én thet kdeshigretic

storage nedlUﬂp@ﬁ&ihggbaehough ultabpe EEh%&%aEh?EddﬁEQh ”e@EcEQ% thin

filmhead 12 t0O produce re ative es 1n the electrica
plating is about 30 c. suitable pH for the electro-
plating bath is about 3.5. The ratio between cobalt,
iron and boron in the electro-plating bath will remain
approximately the same in the electro-plated film.

Pulse electro-plating may be used during the
deposition of the cobalt-iron-boron core using 6 ampere
pulses with a 10 mS on time and a 90 mS off time. Pulse
electro-plating helps maintain the magnetic charac-
teristics of the cobalt-iron-boron core as the core's
thickness'grows beyond about 0.5 microns, preventing
the core from becoming isotropic and losing its
hysteresis loop. The thin film exhibits useful magnetic
characteristics for thickness between about 500 A and
about 10 microns, preferably ranglng between about
20004 and about 3 micronms.

It has been discovered that the anisotropy field
Hk of the core may be lowered by two alternative
methods. During the electro-deposition of the upper and
lower pole pieces 14 and 16, a rotating magnetic field
may be applied. This field should alternate between
the normal axis of the core and 90° off the normal axis.
Applying the normal field for 40 seconds of a one minute
cycle and the 90° field for the remaining 20 seconds of
the one minute.cycle provides a suitable ratio between
the two field positions. Alternatively, this rotating
field may be applied during an annealing step in which
the core material is subjected to heat.

Table 2 shows a comparison between a nickel-iron
core (using 82% nickel in the alloy), a cobalt-iron
core (using 90% cobalt in the alloy), and the cobalt-
iron-boron core of the present invention (also using 90%
cobalt in the alloy).
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current flow ng through the conductors 18. Wth the present
i nvention, thin filmread/wite ’

17 -
) ._r'\\. |
Table 2 e
a~"
/
Saturation R4
Material - 7
Magnetization - P _
Core 47Ms Hc £Hg7 p 1
82NiFe 10 KGauss ~0.2 Oe ~2.5 Oe ~4000
}90CoFe 19 KGauss ~3.0 Oe ~13 Oe ~1500
90COFeB| 19 KGauss | ~1.0 Oe =7 Oe  ~2500

Table 2 shows that H and H are reduced for the
CoFeB core of the present lnventlon while the value of
the permeability p is greatly increased over the cobalt-
iron core.

Using the cobalt-iron-boron core of the present
invention, the thin film magnetic head coercivity Hc is
reduced over that of a cobalt-iron thin film head as the
thickness of the film is increased. Using the cobalt-
iron-boron thin film magnetic head of the present
invention, the head will have a high saturation
magnetisation 4nMs, low coercivity Hc, low anisotropy
H and an increased permeability p. The thin film magnetic
read/write head of the present invention offers improved
reading and writing characteristics whereby magnetic
storage density may be increased.

Although the present invention has been described
with reference to a preferred embodiment, various
changes may be made in form and detail'without departing
from the scope of the invention. For example, different -
ratios of cobalt, iron and boron may be used in the core
and the electro-plating bath.

______—__—’——‘—‘_—‘—_——’——— .
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heads are produced having |arge saturation nagnetisation N[e r], |ow
coercivity Herr], low anisotropy H and |arge perneablllty err]
Figure 6 shows a cross sectional view of the thin 5

12 of Figures 4 and 5. The thin film head 12 |ncI erPeplaced
"flyer" substrate 25 and the pol e p%gces or core 13

substrate 25 may conprise, for exanple, ALSINAG nate ﬂ” " MH 13
conprises the upper pole piece 14 and the | ower pole

CLAIMS

1. A magnetic read/write head comprising a substrate
(25), a thin film magnetic core (13) of a metal alloy
supported by the substrate, the magnetic core including
a read/write gap (24) for reading and writing infor-
mation, and a coil (18, 34) within the magnetic core,
characterised in that the metal alloy includes boron.
2. A magnetic read/write head according to claim 1
characterised in that the magnetic core comprises
cobalt, 4iron and boron. |

3. A magnetic read/write head according to claim 2
characterised in that the magnetic core contains, by
weight percentage, about 0.1% to about 2.0% boron,
about 7.0% to about 12.0% iron, and the balance cobalt.
4. A method of forming a magnetic read/write head
characterised by depositing layers (14, 16) of a
magnetic metal alloy, which includes boron, on a
substrate (25) to form a thin film magnetic core.

5. A method according to claim 4 characterised in
that the depositing is by electro-deposition, and in
that the electro-deposition employs an electro-plating
bath containing, by weight, about 0.1% to about 2.0%
boron, about 7.0% to about 12.0% iron, and the balance
cobalt. :

6. A method according to any of claim 4 or 5
characterised by applying a rotating magnetic field to
the layers of the magnetic metal alloy.

7. A method of forming a magnetic read/write head
comprising depositing a first magnetic layer (16) on a
substrate (25), depositing gap material on a portion of
the first magnetic layer, depositing insulating
material (38) on a portion of the first magnetic layer,
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10 pi ece 16. The upper pole piece and | ower pole pi s%& and 16
formthe upper pole tip 20 and the | ower pole tip : #d t he
gap 24 is formed. The core 13 al so i ncl udes a rear Hﬂmm 26
and -a rear | ower portion 28. The upper pole piec

pi ece 15 14 and 16 and rear upper and L8wer portions 26 and 28 of

.the core 13 neet at a centre area or "via" 30 (not shown in Figures 4

M s tor 2BSegebBR I Rg, & h-BRd ad R AR o B e or
18 are shown magfegiicelageandver thhegap material and the insulating
material, characterised by the application of a
'rotating magnetic field whilst depositing the first and
- second magnetic layers.
8. A method of forming a magnetic read/write head
comprising depositing a first magnetic layer (16) on a
substrate (25), depositing gap material on a portion of
the first magnetic layer, depositing insulating
" material (38) on a portion of the first'magnetic layer,
and depositing a second magnetic layer (14) on the first
magnetic layer over the insulating material and the gap
material, and characterised by annealing the first and
second magnetic layers and applying a rotating magnetic
field during the annealing:

* [ L ] S *
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conductors 18 and 34 are fornmed in a coil around the via 30 of the
core 13 with a portion of the wappi ng being sandw ched between the
upper pole piece and | ower pole pi ece 14 and 16 of the core 13 and a
portion of the 25 wapping sandw ched tween the rear upper. and | ower
portions 26 and 28 of the core 13. The cdre 13 is separated fromthe
substrate 25 by a base coat 36. Typically, the base coat 36 is an

i nsul at or such as al um na, ,%I [Bersr ﬁﬁarf[]c g he area between the upper
pol e piece 30 and | ower pol e pi s filled with an '

MAGNETIC READ/WRITE HEAD AND METHOD OF
MAKING SUCH A HEAD

The invention provides a magnetic read/write head
| comprising a substrate (25), a thin film magnetic core
(13) of a metal alloy including boron supported by the
substrate, the core including a read/write gap (24) for
reading and writing information, and a coil (18, 34)

within the magnetic core. The head is produced by
electro—deposifion techniques, with a rotating magnetic
field being applied during deposition.

Figure 6
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insul ating material 38. Typically, the insulating material 38 is

photo-resist. The gap 24 between the upper pole tip 20 and the | ower
pole tip 22 is filled with alumna, Al[err]. The insulating nmaterial
38 i's 2 3
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and 28 of the core 13.

simlar to the

“surface of the base substrate 25.

After the | ayers of

head 12 are deposited as shown in Figure

- 2 -

H
(Magnetic Field)
(Oersteds)

al so sandwi ched between the rear upper and | ower
During fabrication,
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6, the base substrate 25 (upon which the head 12 is formed) is "diced"

or sliced into many individual thin fi.l mheads, each carried by a
portion of the base 10 substrate 25, such that t he upper and | ower pole
tips 20 and 22 and the gap 24 are exposed. The gap 24 and pol e
‘tips 20 and 22 may then be lapped in a direction general ly inward,
towards the centre of the thin film head 12, to the.desired throat

di mensi ons. The 15 | appi ng procegs-is a grinding process in which the
exposed portion of the gap 24 is applied to a di anond slurry.

El ectrical contacts (not shown) are applied to
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the conductors 18 and 24 of the thin filmhead 12. The conpl et ed head
may t hen be attached to sone type of 200 carrying fixture (not shown) for
- use in reading and

conput er di sk.

witing data on a magnetic storage nedi um such as a
In operation, the nmagnetic storage nediumis

pl aced near the upper and | ower pole tips 20 and 22 25 which formthe gap
24. During the reading operation, t he changing magnetic field due to
t he novi ng storage
and | ower pole tips 20 and 22 for nbd by the upper pole

14

medi um i npresses a magnetic field upon the upper

16

24

(Resultant)

H (Applied)
S~
~
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.
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pi eces and | ower pole pieces 14 and 16 of the core 13. 30 This inpressed

fietd is carried around the conductors 18 and 34 through the upper
pol e piece 14, the via 30 and the | ower pole piece 16 of the core 13.
Thi s causes an electrical current to be induced in the conductors 18

and 34. This electrical current is representative of

-5 =
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13 the magnetic field produced by the noving magnetic storage

medium During the wite operation, an el ectrical current is caused
to flowin the conductor 18 or the conductor 34. This results in a
magnetic field 5 in the core 13 which is applied to the storage nedi um
- (not shown) due to the fringing effect at the gap 24
- 6 -
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v 4
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FIG. 6
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S e .

formed between the upper and |l ower pole tips 20 and 22 . of the core
13. The steps used in fabricating the thin film 10 magneti c

head 12 of Figures 4, 5 and 6 are shown individually in Figures 7 to
12. In.the cross sectional view of Figure 7, the base substrate 25
is showmn. The base substrate 25 is typically large relative to the
di nensions of the thin filmnmagnetic heads and is 15 referred to as a

"waf er". During the manufacturing - 3 - process, many thin film heads
such as the thin film head 12 typically are fabricated upon the base

substrate

FIG. 7
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25. Feor this exanple, however, only the fabrication - of asingle thin
filmpmagnetic head 12 is shown. 20 Typically; the base substrate 25 is

made of an electrically conductive material, such as ALSI MAG

A layer providing the base coat 36 is deposited across the entire base
substrate 25 as shown in Figure 8. The base coat 36 is a :

non- conductive nmaterial, 25 typi cald y-conprising alumna, Al[err]. The
base coat 36 may be applied using sputtering techniques.

shown in Figure 9, a thin filmlayer 50 of magnetic material is

applied across the surface using

FIG. 8
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el ectro-deposition techniques. This process is 30 descri bed below in nore.

detail. The layer 50 forns the | oner -pol e piece 16 and the | ower rear
portion 28 of the ~core 13, as well as the lower ‘pole tip 22 and part
of - the via 30. The layer 50 conprises a portion of the CoFeB core

of the present invention.

50

30

J )/

16
A
FIG. 9
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14 . ' Usi ng photo-1ithographic techniques, the I nsul ati ng

| ayer 38 is deposited upon the |ayer 50 of the core 13 in the shape
shown in Figure 10. Al um na, Al[err], is deposited in the gap 24. The
conductors 34 5 are deposited upon the insulating |ayer 38 and fornmed in
_10_
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a coil ed shape. In Figure 11, the insu
buitt up slightly using photo-Ilithographic masking
t echni ques. The conductors 18 are deposited 10 Si
conductors 34, and formed in a coiled shape.

ating layer 38 has been
and et chi ng
mlarly to the

In Figure

12, the insulating | ayer 38 has been built up again and covers the

conductors 18 and 34. Next, another |ayer of

magnetic material is

deposited 15 over the structure shown in Figure 12 to formthe upper
pol e piece 14, the rear upper portion 26 and a portion
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“of the via 30 as shown in Figure 6. This layer is deposi ted using

el ettro-deposition techni ques and conpri ses CoFeB. 20 The
upper pole piece 14 and the | ower pol e piece 16 are deposited upon

t he* substrate 25 through el ectro- _plating. By applying an alternating
"magnetic field during this el ectro-deposition step, the anisotropic

field Hnmy be reduced. Alternatively, followng the 25 deposition step
for formng the core of Figure 6 the '2 ~core may be annealed in a

rotating field to | ower the ani sotropic field H. The electro-plating
bath used in :
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o Dest ““EI;‘;‘“‘;‘ e‘é’fl‘.'to aged 1%
the present invention to deposit the pole pieces 14 2 eqmp o Pk p s d.'q.
solution of cobalt, iron and boron. The 30 additijo I’d?dﬂ(l,C ed .l
the coercivity Herr] of the pol e pi eces. For gl%:;“h a d """ gfg d.-
the uppér pole pi ece 14 and the {ower pole pig at éﬁucfl dgfe :
coerEi Vi ty Herr] is even greater. The addition of |the boron hgs? SEP 1998

~little effect on magneti sation saturation fl ux AR QF Rﬁﬁﬁlﬁrremrnq -----

. about 19 K gayRgNEME FEND/WRITE HeENd AN METHOD DPMARING SUCIDtRTHEWD

magnetic field

The present invention relates to a magnetic read/write head and to a method of
making such a head. |

Thin film magnetic read/write heads are used for magnetically reading and writing
information on a magnetic storage medium, such as a magnetic disk or mggnetic tape.
As data storage requirements have risen, it has become increasingly desirable to provide
high levels of information storage density on the magnetic storage medium. Increased
storage densities require magnetic read/write heads: which provide a strong writing field
in relation to the applied writing current. This may be achieved by making the
anisotropy field (Hj) as small as possible thereby increasing the permeability ().
Increased permeability (1) also results in increased sensitivity when information is read
from the magnetic storage medium. Smaller coercivity (H¢) in a read/write magnetic
head is also desirable. Small coercivity (H) causes the domain pattern in the poles and
yoke of the thin film head to become more stable thereby minimising the effects of
Barkhausen noise.

EP-A-0303324 discloses a magnetic material CoaFepBe wherein 0.50 < a <
0.97; 0.01 < b < 0.20; 0.02 < ¢ < 0.1, for use in magnetic heads, which is
manufactured by use of sputtering techniques. However, as a result of the particﬁlar
composition and its method of manufacture, the magnetic material disclosed in EP-A-
0303324 has a permeability of only about 2000 while the coercivity (H) and the
anisotropy field (Hy) are not lower than about 24 oersteds.

Yamada et al (J. Appl. Phys. 55(6), 1984, 2235-7) have reported a thin film head

for high density magnetic recording using CoZr amorphous films produced by rf

-magnetron sputtering methods. Such thin film heads (Crgg Zr() have coercitivity (EHc)

of < 0.05 oersteds, an anisotropy field (Hk) of 2 oersteds, a permeability of 3500 (at 10
MH?z) and a saturation magnetisation (4 © Ms) of 14 K gauss.

This is the' replacement sheet
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15 ) applied during the el ectro-deposition step or the use of

-rotating magnetic field annealing reduces the coercivity H of the

pol e pieces of thin filmhead 12. In a
R . . ' la

EP-A-0247868 discloses a magnetic head having Fe as its main component
including one or more elements at 5 to 20% selected from B, N, C and P, i.e. elements
interstitially soluble in Fe. The magnétic film is formed by the use of sputtering
methods and has a relative pérmeability of not less than 1000 and a saturation
magnetisation of at least 15 K gauss.

U.S. patent no. 4,661,216 relates to a cobalt-nickel-iron electro-plating |
composition bath used to produce a thin film head having a saturation magnetisation (4%
M) of about 19 X gauss, a coercivity (H) of about 2 oersteds, an anisotropy field (Hy)

..of about.13 .cersteds and a permeability (i) of about 1500.

It would be advantageous to produce a thin film magnetic head having a yet smaller

anisotropic field (Hy) and .coe'rcivity (Ho), while maintaining a large

This is the replacement sheet
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prefefred enbodi nent, the concentration of boron in the 5
el ectro-plating bath varies from about 0.1%to about 2. 0% by wei ght.
I ron concentration nmay vary from about 7.0%to about 12.0% by wei ght

~with the'bal ance of the electro-pla;ing bat h being cobalt. One
i suitabl e el ectro- plating bath for “formng the thin filmnmagnetic

fread/ 10 write head of the present invention is:

Table 1 saturated magnetisation (M or 4nM ), and increasing the
permeability (p). ) :

According to a first aspect of the present
invention, there is provided a magnetic read/write head

5 comprising a substrate, a thin film magnetic core of a
metal alloy supported by the substrate, the magnetic
core including a read/write gap for reading and writing
information, and a coil within the magnetic core,
characterised in that the metal alloy includes boron.

10 According to a second aspect of the present
invention, there is provided a method of forming a
magnetic read/write head characterised by depositing
layers of a magnetic metal alloy, which includes boron,
on a substrate to form a thin film magnetic core.

15 In its preferred form, the invention features a
magnetic read/write head having a core comprising
cobalt-iron with the boron in the alloy. This core may
be deposited by means of electro-deposition techniques.
The anisotropy field (H ) may be reduced if an alternating

20 magnetic field is applleq to the .core during the

electro-plating process. Alternaulvely, the core may

be subjected to a rotating. magnetlc fleld during
annealing to lower the anlsotropy fleld~(H ).

The thin film magnetic: head,descrlbed below has a
reduced coercivity H and an anlsotropy fler H while

25
maintaining a large saturatlon magnetlsatlon M or 4nM .
It also has an increased permeability u. More .
especially, the cobalt-iron-boron core of the thin film
magnetic head described below has a saturation

30 magnetisation 4mM of about 19 K gauss, a coercivity _Hc

of about 1.0 Oers;eds, an anisotropy field B of about
7 Oersteds and a permeability p of about 2500.

The invention is described further, by way of
example, with reference to the accompanying drawings, in
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Conposi tion Amount 15 CoSo 7Herr]0

50 to 300 grammes/litre 4 2 FeSo 6H err]0
3to 15 granmes/litre Herr]BJ err] 5to
- 50 grammes/litre ' Sodiuanacgharin 20 di hydrate

0.5'to 4 grammes/litre

which:

Figure 1 is a diagrammatic perspective view of a
bar magnet; _

Figure 2 is a graph of magnetisation versus

5 applied magnetic field in the direction of the easy axis
of a magnetic material;

Figure 3 is a graph of magnetisation versus
applied magnetic field in the direction of the hard axis
of a magnetic material;

10 Figure 4 is a diagrammatic perspective view of a
thin f£ilm magnetic read/write head;

- . Figure .5 is a plan view of the thin film magnetic
read/write head of Figure 4 showing a magnetic domain
pattern;

15 Figure 6 is a cross sectional view of the thin
film magnetic read/write head of Figure 4; and

Figures 7 to 12 are cross sectional views corres-
ponding to Figure 6 at different stages during the
production of the thin film magnetic read/write head.

20 The present invention provides a thin film
magnetic head having magnetic characteristics offering
improved performance. The magnetic head of the present
invention is formed with a metal alloy comprising
cobalt, iron and boron to improve head performance.

25 | A cursory review of magnetism is given first to
explain the performance characteristics of a thin film
read/write head, together with the meaning and
significance of terms such as easy and hard axis,
anisotropy field (H'), permeability (p), coercivity

30 (H ) and saturation magnetisation (4mM_).

A bar magnet 6 is shown in Flgure 1 and has an
easy axis indicated by an arrow 8 and a hard axis
indicated by an arrow 10. The expression easy axis
refers to the preferred direction of the magnetisation

~ This is the replacement sheet
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Dodecyl sodi um sul phate 0.1to 3 grammes/litre-
DVAB . 1l to 10 drops/litre of 2 :
granmes/ 50 m di ssol ved DVAB 25 Sodiumcitrate 0.5to
10 grammes/litre DVAB (di met hyl am ne borane) acts as a reducing
agent ' 4 ' .

vector (M) within a magnetic material in a relaxed
state. In a magnet, the easy axis is parallel with the
axis of the poles. The hard axis, on the other hand,
refers to a direction perpendicular to the easy axis,
as shown in Figure 1 by the arrow 10. When a
magnetising field H is applied to a magnetic material,
the magnetisation vector M of the material tends to
deflect in the direction of the applied field H. By
applying a sufficiently large magnetisation field H in a
10 direction other than the direction of the magnetic
material's easy axis, the material's magnetisation
vector M is deflected away from its preferred ‘direction
in the relaxed state, parallel to the easy axis. The
deflected magnetisation vector M is shown as M
15 (Resultant) in Figure 1.
When an alternating magnetic field H is applied to
a magnetic material along that material's easy axis, a
graph of magnetisation M versus applied magnetic field H
forms a hysteresis loop as shown in Figure 2. The

(9]

20 magnetisation M is shown as 4nM in units of gauss. H,
the applied magnetic field, is shown in units of
Oersteds.

Starting from the point labelled Pl in Figure 2,

as a magnetic field H (in the easy axis direction) is
25 applied to the magnetic material, the magnetisation M
follows the dashed line to the point labelled P2 in
Figure 2. Once the material reaches the point P2 in
Figure 2, the material is saturated and any additional
magnetic field H applied to the material results in no
further increase in the material's magnetisation.
Further increase of the applied magnetic field H moves
the plot to the point labelled P3 in Figure 2. This
saturation magnetisation value is 4nM; as shown in

30

Figure 2.
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and provi des the dis-associated boron used for 30 deposftion of the CoFeB
thin filmcore. The dis-, associ ated cobalt ion nmay range from5 to
100 granmes/ litre in the electro-plating bath. The iron ion nmay

¢ 5

As the level of the applied magnetic field H is
decreased and the direction of its vector is reversed,
the hysteresis graph for the material follows the path
from the point P3 through P2 and to the point labelled

5 P4 in Figure 2. The material's magnetisation does not
change from its saturated value of 4mM . A further
increase of the applied magnetic fieldsH in the reverse
direction causes the magnetisation M within the magnetic
field to begin to decrease following the path from the

10 point P4 to the point labelled P5 passing through the
point labelled -Hc on the hysteresis loop shown in
Figure 2. .. Once.the point P5 in Figure 2 is reached,
further increase of the magnetic field H (in the reverse
direction) results in no further increase in the

15 magnetisation of the material and the material is once
again saturated at the value shown as -4nM in Figure 2.
Further increase’ in the strength of the ap;lied magnetic
field H moves the plot from the point P5 to the point
labelled P6 in Figure 2.

20 As the applied magnetic field H is increased from
its value at the point P6 through zero, the hysteresis
graph follows the path through the point P5 to the point
.labelled P7 in Figure 2 and the magnetisation of the
material does not change from its saturated value of

25 -4nMs. Additional increase of the magnetic field H

causes the material's magnetisation to follow the path

from the point P7 to the point P2 through Hc on the
hysteresis loop. By continuing to vary the applied
magnetic field H, the material may be made to

repeatedly follow the hysteresis path of Figure 2.

The points labelled Hc and -Hc represent the
coercive force, or coercivity of the magnetic material.
The area of the hysteresis loop corresponds to the
energy loss dufing one hysteresis cycle. Hysteresis

30
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16 range fromO0.2 to 5.0 grammes/litre in the el ectro-

plating bath. A suitable tenperature during electro- pl ating i s about
30[err]C. A suitable pH for the electro- plating bath is about 3.5.
The rati‘o between cobalt, 5 iron and boron in the electroplating bath
will' remain approxi mately the sanebin the electro-plated film

Pul se el ectro-plating my be used during the

loss is the energy lost in the form of heat in over-
coming the friction encountered during domain wall
motion and domain rotation. In magnetic read/write
heads, it is desirable to have a large saturation
magnetisation and a small coercivity Hc_such that the
shape of the hysteresis loop is generally tall and thin.

Figure 3 shows a further graph of magnetisation M
of a material measured in gauss versus applied magnetic
field H. 1In Figure 3, the vector H has been applied in

10 a direction parallel to the hard axis and perpendicular

_ to the easy axis of the magnetic material. Unlike the

e graph of Figure 2, there is no hysteresis'loop in the
graph of magnetisation M versus applied magnetic field H

along the hard axis. As in the graph of Figure 2, in

15 Figure 3, H is the applied magnetic field and 4mM is

the resultant magnetisation vector within the magnetic
material. With no applied magnetic field H, the
magnetisation along the hard axis direction is zero. as
the value of H is increased in the direction parallel

20 with the hard axis, the plot of magnetisation follows

the line from the point labelled P8 to the point
labelled P9 in Figure 3. At the point P9, a maximum
magnetisation value 4rtMs has been reached for the
material and the material is saturated having a magneti-

25 sation equal to 4nMs. Further increase in the applied
magnetic field H results in no further increase in the
magnetisation of the material beyond the value 4nMs, and
the plot continues to the point labelled P10.

As the applied magnetic field H is reduced through
zero and made increasingly negative, the magnetisation
M of the material decreases from its value at the points
P9 and P10 of 4rtMs through zero at the point P8 and
ultimately reaches saturation again with a value of
--4rrMs at the point labelled P11l in Figure 3. Further

wn

30

This is the replacement sheet

9 7 SEP 1998

Date:



deposition of the cobalt-iron-boron core using 6 anpere pul ses with a
10 nS on tinme and a 90 nf off tine. Pulse 10 el ectro-pl ating hel ps

mai ntai n the nagnetic charac- teristics of the cobalt-iron-boron core
as the core's thi ckness grows beyomd about 0.5 microns, preventjng
the core frombecomng isotropic and losing its hysteresis | oop. The .

~thin filmexhibits useful magnetic 15 characteristics for thickness
bet ween aboutmma%@mh the @p@yieé%ggﬁéeme fEE‘iﬁer@.‘&' % HeA @i et ween

about
t hat the ani

10

15

20

25

30

g IE(’J%y" a)eq%et gnthe fevel necessary to reac%eQ:hcciel %%ol\ﬁered
P11 results in no corresponding increase in the
material's magnetisation M and the plot moves to the
point labelled P12 in Figure 3.

The value of applied magnetic field H along the
hard axis necessary to place the magnetic material in
saturation is known as the anisotropic field and is
labelled Hk. The permeability of the material, u, may
be expressed as:

4nM+H = 4nM + 1 = 4nM ... (1)

S
H H H
K

H

where Ms is the saturated magnetisation value for the
material and Hk is the anisotropy of the material. The
final approximation in Equation (1) may be made because
the factor 4nM / H is much greater than one. Thus the
slope of the graph of Figure 3 is approximately equal to
the permeability p of the magnetic material. The larger
that the permeability p is for the material, the
smaller the applied magnetic field H must be to achieve

the same magnetisation 4nM. Figure 3 graphically shows

that as Hk is decreased the permeability p for the
material will increase as the slope of the curve in
Figure 3 increases.

Figure 4 shows a thin film head 12 comprising a
core 13 including an upper pole piece 14 and a lower
pole piece 16. Conductors 18 extend through the thin
film head 12 and are sandwiched between the upper pole
piece 14 and the lower pole piece 16. The upper pole
piece 14 includes an upper pole tip 20 while the lower
pole piece 16 includes a lower pole tip 22. A gap 24 is
shown as formed between the upper pole tip 20 and the

This is the replacement sheet
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H err] of the core may be | owered by two alternative 20 met hods. During’

the el ectro-deposition of. the upper and | oner pol e pieces 14 and 16, a
rotating magnetic field may be applied. This field should alternate
bet ween ° t he normal- axis. of the core _and 90[err] off the normal axis.
Applying the normal field for 40 seconds8of a one minute 25 cycle and the
90[err] field for the renaining 20 seconds of - the one mnute cycle

B e oo ARk S0 B BB " mypaeatIG, 1S S B BN gap g
step i n whi chrmagnetitestoragenmediah (sosubheenddmay heaplaced near

the gap 24 such that information may be written on or

read from the medium.

3 Also shown in Figure 4 is an arrow labelled H
(Applied) indicating the direction of the applied
magnetic field H and an arrow labelled M (Relaxed)
indicating the magnetisation M of the thin film head 12
in its relaxed state. In operation, a magnetic storage

10 medium such as a magnetic disk or a magnetic tape moves
in the region near the gap 24 formed between the upper

P B pole tip 20 and the lower pole tip 22. -As‘electrical -
current is caused to flow in the conductors 18 in the
direction indicated, a magnetic field H will be applied

15 to the thin film head 12 in the direction shown by the
arrow labelled H (Applied) in Figure 4. This applied
magnetic field causes the magnetisation M of the
material to change direction from the direction
indicated by the arrow labelled M (Relaxed) to the

20 direction indicated by the arrow formed by the dashed
line labelled M (Resultant). As the dashed line labelled
M (Resultant) is deflected away from the easy axis in a
direction towards the gap 24 formed between the upper
pole tip 20 and the lower pole tip 22 due to the applied

25 magnetic field H from the electrical current passing

through the conductors 18, the upper pole tip 20 will
become an increasingly strong north pole while the lower
pole tip 22 becomes a south pole. This causes a fringe
field to form around the gap 24 with a magnetic field
vector having a direction from the upper pole tip 20 to
the lower poie tip 22.

In a similar manner, if the current through the
conductors 18 were reversed from the direction indicated
in Figure 4, the upper pole tip 20 would become a south

30
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30 ' Tabl e 2 shows a conpari son between a nickel-iron core

(using 82%nickel in the alloy), a cobalt-iron core (using 90% cobal t
in the alloy), and the cobalt- i ron-boron core of the present
i nvention (also using 90% cobalt i@ the alloy).

pole while the lower pole tip 22 would become a north

pole. This would cause a fringe field around the gap 24
with a magnetic field in a direction from the lower pole
tip 22 to the upper pole tip 20. Thus, it is possible

5 by modulating the flow of the electrical current through
the conductors 18 to modulate the magnetisation of the
upper pole tip 20 and the lower pole tip 22. The gap 24
between the upper pole tip 20 and the lower pole tip 22
causes a fringe field to extend beyond the region of the

10 gap 24. When a magnetic storage medium such as a
magnetic disk or a magnetic tape is placed in this
fringe fleld 1nformatlon may be recorded by impressing
a magnetlc field upon the medium through the fringe
field associated with the thin film head 12. Similarly,

15 magnetisation patterns impressed upon a storage medium
passing through the fringe field region of thin film
head 12 cause an electrical current to flow through
conductors 18 such that the stored infofmation may be
recovered. ' .

20 Figure 5 shows the thin film head 12 of Figure 4
including arrows 15A, 15B and 15C indicating the
direction of the magnetisation vectors M in the magnetic
domains across the upper pole piece 14. Solid arrows
15A in Figure 5 indicate the direction of a magnetic

25 domain's easy axis. Lines 17 in Figure 5 separating two

adjacent magnetic domains indicate the domain walls.

The solid arrows 15A indicate the direction of the

magnetisation vector M in the relaxed state of the thin

film head 12 along its easy axis. Small vertical arrows
15B along the edge of the upper pole piece 14 shown in

Figure 5 indicate the magnetisation vector in the

closure domains. Closure domains complete the magnetic

circuit between adjacent opposing domains. AsS
electrical current is caused to flow through the

30
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17 _ Table 2 Saturation’
Mat eri al

‘ ' 10

conductors 18 in the direction indicated, the direction
of the magnetisation vector M of the domains in the
upper pole piece 14 are deflected away from the easy
axis as indicated by the arrows 15C formed by the dashed

5 lines. It is this deflection that causes north and
south poles to form at the upper pole tip 20 and the
lower pole tip 22, respectively. If the anisotropic

field H is made small, thereby increasing the
permeability p for the thin film head 12, the required

10 strength of the applied magnetic field H will be lower
to achieve the same amount of deflection of the
material's magnetisation M and a smaller ‘electrical ~™’ -
current applied through the conductors 18 is required.

By décreasing the value of the coercivity Hc,

15 domain wall jumping is reduced in the thin film head 12,
minimising the resultant Barkhausen noise. With small
values for the coercivity H , there is little
hysteresis that can affect the magnetisation rest state.
This promotes the lowest energy condition after removal

20 of any applied magnetic fields.

It is also desirable to have a magnetic head with
a large saturation magnetisation value Ms, such that it
is possible to apply more powerful magnetic fields to
the magnetic storage medium through the fringe field

25 region. A thin film head having a large permeability n

(which is proportional to Ms, see Equation (1) above)

will also have increased sensitivity when information is

read back from the magnetic storage medium. Increased
sensitivity causes even weak changes in the magneti-
sation of the magnetic storage medium passing through
the fringe field region of the thin f£ilm head 12 to
produce relatively large changes in the electrical

current flowing through the conductors 18.

With the present invention, thin film read/write

30

This is the rep\acemeht sheet

2 2 SEP 1338

Date:



S

Hk
90CoFe
~ KGauss

10

15

20

25

30

Magneti zati on Core 4[err] Ms Hc

lerr] 82N Fe 10 KGauss -0.2 Ce -2.5 Ce - 4000
19 KGauss -3.0 Ce -13 Ce -1500 10 9CCoFeB 19

-1.0 Ce -7 Ce - 2500 11

heads are produced having large saturation mégnetisation
Ms, low coercivity Hc, low anisotropy Hk and large
permeability u.

Figure 6 shows a cross sectional view of the thin
film magnetic head 12 of Figures 4 and 5. The thin film
head 12 includes a base or "flyer" substrate 25 and the
pole pieces or core 13. The flyer substrate 25 may
comprise, for example, ALSIMAG material. The core 13
comprises the upper pole piece 14 and the lower pole
piece 16. The upper pole piece and lower pole piece 14
and 16 form the upper pole tip 20 and the lower pole tip
22 between which-the gap 24 is formed. The core 13 also
includes a rear upper portion 26 and a rear lower
portion 28. The upper pole piece and lower pole piece
14 and 16 and rear upper and lower portions 26 and 28 of
the core 13 meet at a centre area or "via" 30 (not shown
in Figures 4 and 5).

_ The thin film head 12 of Figure 6 uses two core
windings formed by conductors 18 and 34. Although only
the conductors 18 are shown in Figures 4 and 5, the
conductors 18 and 34 are formed in a coil around the via
30 of the core 13 with a portion of the wrapping being

.sandwiched between the upper pole piece and lower pole

piece 14 and 16 of the core 13 and a portion of the
wrapping sandwiched between the rear upper and lower
portions 26 and 28 of the core 13. The core 13 is
separated from the substrate 25 by a base coat 36.
Typically, the base coat 36 is an insulator such as
alumina, Alzos. The area between the upper pole piece
and lower pole piece 14 and 16 is filled with an
insulating material 38. Typically, the insulating
material 38 is photo-resist. The gap 24 between the
upper pole tip 20 and the lower pole tip 22 is filled -
with alumina, Alzoa. The insulating material 38 is
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Table 2 shows that Herr] and Herr] are reduced for the CoFeB core -
of the present invention while the value of 15 the perneability [err] is

- greatly increased over the cobalt- i ron core. Usi ng t he
cobal t-i'ron-boron core of the present 2 invention, the thin film
- magnhetic head coercivity His redu%ed over that of a cobalt-iron.thin

. filmhead as the 20 t hi ckness of the filmis increased. Using the

o on, (AL b et uhe s

i nvention, . aturation magneti sation
4lerr]M | owRUEFEPRF t 46 HiRE r 38| @fy B¢ s6PFEPY3 -

During fabrication, multiple heads similar to the
thin film head 12 may be deposited across the entire
surface of the base substrate 25. After the layers of
the thin film head 12 are deposited as shown in Figure
6, the base substrate 25 (upon which the head 12 is
formed) is "diced" or sliced into many individual thin
film heads, each carried by a portion of the base
10 substrate 25, such that the upper and lower pole tips

20 and 22 and the gap 24 are exposed. The gap 24 and

pole tips 20 and 22 may then be lapped.in .a-direction:

generally inward, towards the centre of the thin film
head 12, to the.desired throat dimensions. The

15 lapping process is a grinding process in which the
exposed portion of the gap 24 is applied to a diamond
slurry. Electrical contacts (not shown) are applied to
the conductors 18 and 24 of the thin film head 12. The
completed head may then be attached to some type of

20 carrying fixture (not shown) for use in reading and
writing data on a magnetic storage medium such as a

w

computer disk.
In operation, the magnetic storage medium is

placed near the upper and lower pole tips 20 and 22
25 which form the gap 24. During the reading operation,
the changing magnetic field due to the moving storage
medium impresses a magnetic field upon the upper and
lower pole tips 20 and 22 formed by the upper pole
pieces and lower pole pieces 14 and 16 of the core 13.
This impressed field is carried around the conductors 18
and 34 through the upper pole piece 14, the via 30 and
the lower pole piece 16 of the core 13. This causes an
electrical current to be induced in the conductors 18
and 34. This electrical current is representative of

30
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H and an increased perneability [err]. The thin fil m magnetic 25

read/ wite head of the present invention offers inproved readi ng and
witing characteristics whereby nagnetic storage density nay be

i ncreased. Al t hough the preﬁgn i nvention has been descri bed
with reference to a preferred enbodi nen various 30 changes may be made-
in formand detail w thout departing fromthe scope of the invention.
~For exanpl e, f R at o] . y be used in
the core edle hﬁ?ﬁ@%;cegEF%QpPgﬁsﬂEeg ?ﬁlkhélﬂy%fﬁ&jﬂg&ﬂgk{gi

storage medium. During the write operation, an

electrical current is caused to flow in the conductor 18

or the conductor 34. This results in a magnetic field

5 in the core 13 which is applied to the storage medium
(not shown) due to the fringing effect at the gap 24
formed between the upper and lower pole tips 20 and 22
of the core.13.

The steps used in fabricating the thin £ilm

10 magnetic head 12 of Figures 4, 5 and 6 are shown
individually in Figures 7 to 12. In the cross sectional
view of Figure 7,  the base substrate 25 is shown. The
base substrate 25 is typically large relative to the
dimensions of the thin £ilm magnetic heads and is

15 referred to as a "wafer". During the manufacturing
process, many thin film heads such as the thin film
head 12 typically are fabricated upon the base substrate
25. For this example, however, only the fabrication
of a single thin film magnetic head 12 is shown.

20 Typically, the base substrate 25 is made of an
electrically conductive material, such as ALSIMAG.

A layer providing the base coat 36 is deposited
across the entire base substrate 25 as shown in Figure
8. The base coat 36 is a non-conductive material,

25 typically comprising alumina, Alzos. The base coat 36
may be applied using sputtering techniques.

As shown in Figure 9, a thin film layer 50 of
magnetic material is applied across the surface using
electro-deposition techniques. This process is

30 described below in more detail. The layer 50 forms the
lower pole piece 16 and the lower rear portion 28 of the
core 13, as well as the lower pole tip 22 and part of
the via 30. The layer 50 comprises a portion of the

CoFeB core of the present invention.
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Using photo-lithographic technigques, the
insulating layer 38 is deposited upon the layer 50 of
the core 13 in the shape shown in Figure 10. Alumina,
Al O, 1is deposited in the gap 24. The conductors 34
are deposited upon the insulating layer 38 and formed in
a coiled shape. '

In Figure 11, the insulating layer 38 has been
built up slightly using photo-lithographic masking and
etching techniques. The conductors 18 are deposited
similarly to the conductors 34, and formed in a coiled
shape.

In Figure 12, the insulating layer 38 .has been
built up again and covers the conductors 18 and 34.
Next, another layer of magnetic material is deposited
over the structure shown in Figure 12 to form the upper
pole piece 14, the rear upper portion 26 and a portion
of the via 30 as shown in Figure 6. This layer is
deposited using electro-deposition techniques and
comprises CoFeB. '

The upper pole piece 14 and the lower pole piece
16 are deposited upon the substrate 25 through electro-
plating. By applying an alternating magnetic field
during this electro-deposition step, the anisotropic
field Hk may be reduced. Alternatively, following the
deposition step for forming the core of Figure 6 the
core may be annealed in a rotating field to lower the
anisotropic field Hk. The electro-plating bath used in
the present invention to deposit the pole pieces 14 and
16 comprises a solution of cobalt, iron and boron. The
addition of the boron reduces the coercivity Hc of the
pole pieces. For thicker films forming the upper pole
piece 14 and the lower pole piece 16, this reduction of
coercivity H_ is even greater. The addition of the
boron has little effect on magnetisation saturation flux
density, which remains about 19 K gauss. The addition
of the boron along with a rotating magnetic field
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1. "A magnetic read/wite head conprising a substrate (36, 25), a thin
filmmagnetic core (13) of a netal alloy supported by the substrate and
including read/ wite gap (24) for reading and witing information, and a
coil (18, 34) magnetically coupled to thg magnetic core, characterised in
that the netal alloy is a cobalt-based alloy conprising 87.63 % to.92.9

wt % cobal t;

10

15

20

25

30

7.0 w%to 12.0 wt% iron; and 0.1 wt% to 0.37% wm %
applied during the electro-deposition step or the use of

rotating magnetic field annealing reduces the coercivity
H_ of the pole pieces of thin film head 12. 1In a
preferred embodiment, the concentration of boron in the
electro-plating bath varies from about 0.1% to about
2.0% by weight. Iron concentration may-vary from about
7.0% to about 12.0% by weight with the balance of the
electro-plating bath being cobalt. One suitable electro-
plating bath for forming the thin film magnetic read/
write head of the present invention is:

Table 1
Composition Amount
CoSo47HZO 50 to 300 grammes/litre
FeSoAGHZO 3 to 15 grammes/litre
H3303 | 5 to 50 grammes/litre
Sodium saccharin
dihydrate 0.5 to 4 grammes/litre
Dodecyl sodium
sulphate 0.1 to 3 grammes/litre
DMAB 1 to 10 drops/litre of 2

grammes/50 ml dissolved DMAB

Sodium citrate 0.5 to 10 grammes/litre

DMAB (dimethyl amine borane) acts as a reducing agent
and provides the dis-associated boron used for
deposition of the CoFeB thin film core. The dis-
associated cobait ion may range from 5 to 100 grammes/
litre in the electro-plating bath. The iron ion may
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bor on. 2. A magnetic read/wite head as clainmed in claim1l, wherein
said magnetic core (13) conprises first and second |ayers (14, 16) of
said netal alloy and wherein a layer of insulating material (38) is
deposited on said first |layer (16) between said first and-second | ayers
and said coil (18, 34) is enbedded in sall@ | ayer of insulating material,
said -

range from 0.2 to 5.0 grammes/litre in the electro-

plating bath. A suitable temperature during electro-

plating is about 30°C. A suitable pH for the electro-

plating bath is about 3.5. The ratio between cobalt,

3 iron and boron in the electro-plating bath will remain

- approximately the same in the electro-plated film.

Pulse electro-plating may be used during the
deposition of the cobalt-iron-boron core using 6 ampere
pulses with a 10 mS on time and a 90 mS off time. Pulse

10 electro~plating helps maintain the magnetic charac-
teristics of the cobalt-iron-boron core as the core's
thickness grows beyond about 0.5 microns, preventing
the core from becoming isotropic and losing its
hysteresis loop.  The thin film exhibits useful magnetic

15 characteristics for thickness between about 500 & and

“about 10 microns, preferably ranging between about
20004 and about 3 microns.

It has been discovered that the anisotropy field
Hk of the core may be lowered by two alternative

20 methods. During the electro-deposition of the upper and
lower pole piéces 14 and 16, a rotating magnetic field
may be applied. This field should alternate between
the normal axis of the core and 90° off the normal axis.
Applying the normal field for 40 seconds of a one minute

25 cycle and the 90° field for the remaining 20 seconds of
the one minute cycle provides a suitable ratio between
the two field positions. Alternatively, this rotating
field may be applied during an annealing step in which
the core material is subjectéd to heat.

30 Table 2 shows a comparison between a nickel-iron
core (using 82% nickel in the alloy), a cobalt-iron
core (using 90% cobalt in the alloy), and the cobalt-
iron-boron core of the present invention (also using 90%

cobalt in the alloy).
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read/ wite gap (24) being formed by facing portions (20, 22) of said first
and second | ayers. 3. A nethod of formng a magnetic read/wite
head conpri sing depositing successive layers (14, 16) of a netal alloy on
a substrate (36, 25) to forma thin fil'm_ magnetic core (13) having a
reatl/ wite gap (24) and providing a coil1¢18,34) which is : -

Table 2
Saturation
Material
5 Magnetization .
Core 41Ms He Hk B
82NiFe 10 KGauss ~0.2 Qe ~2.5 Qe ~4000
SOCOFe 19 KGauss ~3.0 Qe ~13 Qe ~1500
10 90CoFeB 19 KGauss ~1.0 Qe -7 Qe ~2500

Table 2 shows that B and H are reduced for the

CoFeB core of thé present invention while the value of
15 the permeability p is greatly increased over the cobalt-
iron core.

Using the cobalt~iron-boron core of the present
invention, the thin film magnetic head coercivity H_is
reduced over that of a cobalt-iron thin film head as the

20 thickness of the film is increased. Using the cobalt-
iron-boron thin film magnetic head of the present
invention, the head will have a high saturation
magnetisation 4nMs, low coercivity Hc,_ low_anisotropy

H and an increased permeability u. The thin film magnetic
25 read/write head of the present invention offers improved
reading and writing characteristics whereby magnetic
storage density may be increased.

Although the present invention has been described
with reference to a preferred embodiment, various
changes may be made in form and detail without departing
from the scope of the invention. For example, different
ratios of cobalt, iron and boron may be used in the core

and the electro-plating bath.

30
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magnetically coupled to the magnetic core, characterised in that the _
successi ve | ayers (14, 16) of the netal alloy deposited on the substrate
(36, 25) is a cobalt based all oy conprising: 87.63 wt%to 92.9 Wt %

cobalt;*7.0 wt%to 12.0 wt%iron and 0.1 wt%to 0.37% boron. 4. - The.
method of claim 3 wherein the successive |ayers (14, 16) of the netal alloy
18
CLAIMS
1. A magnetic read/write head comprising a substrate (36, 25), a thin film magnetic

core (13) of a metal alloy supported by the substrate and including. read/write gap (24)
for reading and writing information, and a coil (18, 34) magnetically coupled to the
magnetic core, characterised in that the metal alloy is a cobalt-based alloy comprising

87.63 wt% to 92.9 wt% cobalt; 7.0 wt% to 12.0 wt% iron; and 0.1 wt% to 0.37% wt%

boron.

2. A magnetic read/write head as claimed in claim 1, wherein said magnetic core
(13) comprises first and sécond layers (14, 16) of said metal alloy and wherein a layer of
insulating material (38) is deposited on said first layer (16) between said first and second
layers and said coil ( 18, 34) is embedded in said layer of insulating material, said
read/write gap (24) being formed by facing portions (20, 22) of said first and second

layers.

3. A method of forming a magnetic read/write head comprising depositing
successive layers (14, 16) of a metal alloy on a substrate (36-, 25) to form a thin ﬁlm'
magnetic core (13) having a read/write gap (24) and providing a coil (18,34) which is
magnetically coupled to the magnetic core, characterised in that the successive layers
(14, 16) of the metal alloy deposited on the substrate (36, 25) is a cobalt based alloy
comprising: 87.63 wt% to 92.9 wt% cobalt; 7.0 wt% to 12.0 wt% iron and 0.1 wt% to

0.37% boron.

4, The method of claim 3 wherein the successive layers (14, 16) of the metal alloy

are deposited on the substrate (36, .25) by electro-deposition.
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are deposited on the substrate (36, 25) by el ectro-deposition.
19

19

5. A method according to claim 4 wherein a rotating magnetic field is applied to the

layers (14, 16) of magnetic metal alloy during electro-deposition.

6. A method according to claim 3 or 4 wherein the layers (14, 16) of the magnetic

metal alloy are annealed and a rotating magnetic field is applied during the annealing.

7. A method according to any of claims 3 to 6 comprising depositing insulating
material (38) on a portion of a first magnetic layer (16), depositing conductors on said
insulating material to forn; a coil (18, 34), depositing further insulating material dn said
conductors and depositing a second magnetic layer (14) on said further insulating
material, to form said thin film magnetic core (13) having a read/write gap (24) between

said first and second magnetic layers.

8. A method according to claim 7 wherein gap material is deposited on a further
pdrtion of said first magnetic layer (16) and is sandwiched between the portions (20, 22)

of said magnetic layers (14,16) which form said gap.

9. A method according to any of claims 3 to 8 wherein said magnetic layers (14, 16)

are electro-deposited by a pulsed current.

10. A method according to any of claims 3 to 9 wherein said magnetic layers are

deposited from a bath containing dimethyl amine borane.
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5. A met hod according to claim4 wherein a rotating nmagnetic field is

applied to the Ilayers (14, 16) of magnetic netal alloy during
el ectro-deposition. 6. A nmet hod according to claim3 or 4 wherein the

layers (14, 16) of the magnetic

oM
.-~ (Resultant)

Hard Axis

FIG. |
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netal alloy are annealed and a rotating nmagnetic field is applied during
the annealing. 7. A nmet hod according to any of clains 3 to 6
conprising depositing insulating naterial (38) on a portion of a first
magneti ¢ | ayer (16), depositing conductors on said insulating material to
forma coil (18, 34), depositing further insulating material on said .
conductors and depositing a second magnetic |ayer (14) on said further

i nsul ating 2

P3
H
(Magnetic Field)
(Oersteds)

/
7/
He

S [7

2

Il

g = . 3 N
QB . = .
: & :
Q

3 L
s

/
l

P6

This 'is the replacement sheet

2 7 SEP 1398

Date:



material, to formsaid thin.filmmagnetic core (13) having a read/ wite gap
(24) between said first and second magnetic | ayers. 8. A net hod
according to claim7 wherein gap material is deposited on a further
portion’of said first magnetic layer (16) and is sandw ched between the
portions (20, 22) of said nmagnetic layers (14,16) which form said gap.

3
cl
2>
i
ok
2 e D
(<M gow
xS
_ =
{ S’
V)
’.8\ E - eas Em A Ay O W W e ey ap e m
3 »
' B
1 .
S ¥ O
E% 1 ot ! —-——
3 5 2 ' T
2 2 -
o g
S
-4 —
e ~
L]
~
-t
O

This is the replacement shest

Date: . - Iy
5 7 SEp 1994



9. A nmet hod according to any of clains 3 to 8 wherein said nagnetic

| ayers (14, 16) are el ectro-deposited by a pul sed current. 10. A
met hod according to any of clains 3 to 9 wherein said magnetic |ayers are

deposited froma bath containing dimethyl am ne borane.

14
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