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The invention relates to a method of polishing a surface of a noble metal
or an alloy comprising mainly noble metal, in which a polishing means and said surface
are moved with respect to each other while exerting a polishing pressure for obtaining a
polished surface.

1t is generally known to polish platinum, gold or silver surfaces

mechanically by means of polishing grains. Although a satisfactory planeness can
geterally be achieved in this way, the polished surface has many grooves and scratches

10 when viewed microscopically. Moreover, mechanical polishing causes material
disturbances under the polished surface. A mechanically polished surface is unsuitable
for many uses such as, for example direct bonding. Moreover, in the manufacture of
layered'high-tech products, such as thin-film magnetic heads, very plane and smooth
polished surfaces without defects are.required.

15

It is an object of the invention to provide a method of polishing a surface
of a noble metal or an alloy comprising mainly noble metal, in which a polishing means
is moved across the surface to be polished while exerting a polishing pressure, with

20 wh;éh method a surface which is substantially plane, smooth and without defects can be
obtained. ’

B e L .

: To this end the method according to the invention is characterized in that
i a composition comprising demineralised water with 20 to 40% by weight of an organic
liquid comprising a poly-alcohol or a derivative thereof and particles which can be

25 encapsulated and have a Knoop’s hardness of between 5 and 50 GPa is used as a
polishing means.
It has been found that use of the method according to the invention for

noble metals such as Pt, Au or Ag or mixed forms thereof, or alloys comprising mainly
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5 achieved. It is assumed that the organic liquid present in the indicated amount in the

polishing means functions as an encapsulating, suspending means for the particles which
are present, so that the possibility of scratches is minimal in spite of the hardness of the
small particles.

It is to be noted that it is known to polish diamond without defects by

10 means of a polishing means comprising SiO, nanoparticles and sub-micron particles of
diamond in an alkaline solution. This method of polishing without defects is, however,
unsuitable for polishing a relatively soft surface of a noble metal or an alloy comprising
mainly noble metal, because noble metals are not chemically susceptible to an alkaline
environment. Moreover, polishing particles of diamond are much too hard in proportion

15 to the hardness of noble metals or soft alloys thereof.

An embodiment of the method according to the invention is characterized
in that grains having a grain size of the order of 50 nm are used as particles. Thcse
grains are slightly larger than microclusters. It has been found that the particles can be
encapsulated and suspended satisfactorily at said grain size so that, while maintaining

- 20 the hardness, the possibility of scratches is minimal.
An embodiment of the method according to the invention is chamctenzed

in that ALO; grains are used as particles. It has been found that these particles having a
i

Knoop's hardness of approximately 21 GPa not only have a suitable hardness but can

also be eminently encapsulated and suspended in the previously mentioned organic
25 liquid. SnO, grains having a Knoop’s hardness of approximately 6.5 GPa may also be
used successfully.

Colloidal-chemical circumstances, such as the electrophoretic potential of
the particles used in the organic liquid determine their suitability for use in the method
according to the invention. It has been found that Al,O; and SnO, particles are

30 eminently suitable in an organic liquid comprising glycerol or consisting of glycerol.
Another suitable liquid comprises a stearic acid ester of glycerol, suspended in water. It
is to be noted that grains of cerium oxide, which are suitable as regards hardness, are

not satisfactory.
This'Sheet Has Been Replaced
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relatively hard magnetic materials, particularly ferrite or an FeAlSi alloy, using a metal
polishing disc. The liquid polishing means used comprises 10 to 30% by weight of
glycerol and 1 to 4% by weight of polishing grains of magnesium oxide having a grain
size of approximately 0.1 um. The polishing pressure is in the range between 0.2 and
0.3 kg/cm?. It has been found that this known polishing method is unsuitable for
achieving very small surface roughnesses on surfaces of noble metals or noble metal
alloys which are much softer as compared with ferrite. The use of ALO; particles as a
polishing means is discouraged in US-A 4,358,295.

An embodiment of the method according to the invention is characterized
in that 0.1 to 1% by weight of particles is used. Coagulation is prevented at this
relatively low percentage of particles.

An embodiment of the method according to the invention is characterized
in that a maximum polishing pressure of 150 g/cm? is used. In the method according to
the invention physical, chemical and mechanical parameters play a role. The polishing
pressure is an external magnitude with which the method can be controlled and
optimized. Said relatively low polishing pressure yields an optimal result because the
particles are prevented from being pressed through the encapsulating layer during
polishing at this pressure.

An embodiment of the method according to the invention is characterized
in that an auxiliary polishing means absorbing the polishing m&txs is used. This
auxiliary polishing means, which is also referred to as polishing base, retains the
polishing means during polishing and thereby ensures, inter alig an optimum wetting of

" the surface to be polished. A tissue of organic fibres or a polishing cloth of pressed

organic fibres is preferably used. The hardness of the polishing base is extremely
important for optimization of the method according to the invention. The auxiliary
polishing means preferably has a Shore A hardness of between 10 and 80; DIN: 53505.
An embodiment of the method according to the invention is characterized
in that the method starts from a substrate on which a layer having a surface of a noble
metal or an alloy comprising mainly noble metal is formed. This embodiment, in which
the electrically conducting layer may be structured, is particularly suitable for use in the
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the layer is embedded in the substrate. A hard ferrite can be used without any problem
as a substrate material.
An embodiment of the method according to the invention is characterized
10 in that a non-magnetic layer is deposited on the polished surface obtained for forming a
transducing gap ofa magnetic head. Due to the accurate polished surface which is
present, the non-magnetic layer may be perfectly smooth without any thickness
variations when using the method according to the invention and may thus have an
accurately defined thickness. The thickness of the non-magnetic layer determines the
15 writing behaviour of the magnetic head obtained. For example, quartz or zirconia may
be used as a material for the non-magnetic layer, which material may be deposited by
PE-CVD or sputtering, respectively,
The invention also relates to a magnetic head obtainable by means of the
method according to the invention. The thin-film magnetic head obtained may be a read
20 and/or write head. In the case of a read head a high efficiency is required. To this end a
recess or a groove can be provided in the magnetic yoke of the magnetic head when
using the method according to the invention. A noble metal or an alloy comprising
mainly noble metal is deposited in the recess, whereafter a planarization process is
carried out, using the method according to the invention for obtaining a polished
25 surface.

The invention also relates to a polishing means which is suitable for use in
the method according to the invention.

The polishing means according to the invention is characterized by the
presence of demineralised water with 20 to 40% by weight of an organic liquid

30 comprising a poly-alcohol or a derivative thereof and particles which can be

encapsulated and have a Knoop’s hardness of between 5 and 50 GPa. The composition
of the polishing means according to the invention is based on the recognition that
particles within said range of hardnesses which can be taken up for electrophoretic
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nm. At this size the intrinsic hardness properties of the material become sufficiently
manifest, while the particles are sufficiently small to be fully encapsulated.

An embodiment of the polishing means according to the invention is
characterized in that the particles comprise AL,O, and/or SnO, grains. These grains are

10 particularly suitable for suspension in the organic liquid comprising a poly-alcohol or a

] derivative thereof.

An embodiment of the polishing means according to the invention is
characterized in that 0.1 to 1% by weight of particles is present. The proportionally
small quantity of particles prevents coagulation of particles to larger clusters and

15 ensures a scratchless polishing means.

An embodiment of the polishing means according to the invention is
characterized by the presence of glycerol. Glycerol has been found eminently suitable,
particularly in combination with Al,O; and/or SnO,. Another suitable poly-alcohol is
glycol or a polyvinyl alcohol.

20 -

~ These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings
25 Figs. 1 to 8 illustrate a method of manufacturing a planar magnetic head,
in which method an embodiment of the method according to the invention is used, and
Fig. 9 shows a thin-film magnetic head according to the invention, made

by means of said method.

30
A method of manufacturing a thin-film magnetic head, using an
embodiment of the method according to the invention will be described with reference

to Figs. 1 to 8. The method starts from a soft-magnetic substrate 1, in this embodiment
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structuring. The deposmon of a nickel layer may be performed by means of an
electroplating process, while a photoresist layer may be used for structuring. A groove
or recess la is formed in the substrate 1 by removal of material, for example by
sputter-etching or reactive ion etching, whereafter any remaining parts of the mask 3
are removed by, for example wet-chemical etching. A layer 5 of a noble metal, in this
embodiment gold, is provided, for example, by means of sputtering on the substrate 1
thus structured. To improve the adhesion of the noble metal to the ferrite material, a
layer of an adhesive material, in this embodiment Mo, may be formed before the noble
metal is provided.

The layer 5 has 2 noble metal surface 5a remote from the substrate 1,
which surface is polished by means of the method according to the invention for
obtaining a winding 7 serving as an inductive transducing element and having an at least
substantially plane surface 7a without scratches and defects. To this end an embodiment
of the polishing means according to the invention is used, which means has a
composition comprising demineralised water with 20 to 40% by weight of glycerol and
0.1 to 1% by weight of ALO; grains having an a;/erage diameter of approximately 50
nm. The polishing means is moved with respect to the surface 5a by means of a
polishing base of organic fibres, while simultaneously exerting a polishing pressure of
approximately 100 g/cm?. During polishing, the grains which are present are
encapsulated in glycerol, in which the relatively low polishing pressure used prevents
grains from being pressed through organic layers surrounding the grains. It has
surprisingly been found that the polished noble metal surface 7a obtained perfectly
adjoins the adjacent surface portions 1b of the substrate 1. It is to be noted that
planenesses of less than 100 nm are readily achievable.

The surfaces 1b and 7a jointly form a smooth main surface 9 on which a
layer 11 of a non-magnetic, electrically non-conducting material is formed. To this end,
for example quartz or zirconia can be deposited by means of PE-CVD or sputtering,
respectively. In this respect it is important that the layer 11 has an accurate uniform
layer thickness because a portion of the layer 11 in the manufactured magnetic head
functions as a transducing gap 11a (see Fig. 9). By using a recessed conductor, the
thickness of layer 11 can also be chosen freely for a small write gap. In the case of a
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known technique, for example by chemical etching in quartz. Subsequently a soft-
magnetic material, for example an NiFe alloy or a CoZrNb alloy is deposited by means
of a known deposition technique for forming a flux-guiding layer 15. Subsequently the
layer 15 is polished for forming a flux guide 15a and a head face 17 can be formed by
means of grinding and/or polishing.

Fig. 9 shows a thin-film magnetic head obtained by means of the method
described above. This magnetic head comprises an inductive element 7 which is
recessed in the substrate 1 and is provided with a magnetic yoke formed by the
substrate 1 and the flux guide 15a and a non-magnetic transducing gap 11a.

It is to be noted that particles which can be encapsulated and have a
Knoop’s hardness of between 5 and 10 GPa can be used instead of AL, O, grains in the
polishing means.

1t is further to be noted that instead of Au, another noble metal or an
alloy comprising mainly noble metal such as platinum-tin, gold-nickel or silver-copper
can be polished. '

For polishing a platinum surface an embodiment of the method according
to the invention was used in a successful experiment in which the polishing means
comprised 400 cc of demineralised water, 150 cc of glycerol and 5 g of ALO; grains
having an average grain size of 50 nm. Tt;e polishing pressure was between 25 and 50
gl/em?,

In another experiment, in which a perfectly polished silver surface was
obtained, a composition of 500 cc of demineralised water, 100 cc of glycerol and 2 g of
AL O, particles having an average grain size of 50 nm was used as a polishing means.
The polishing pressure was 100 g/cm?. ,

It is further to be noted that the method according to the invention is not
limited to its use in processes of manufacturing magnetic heads, but is suitable for many

applications in which strict requirements are imposed on the surface condition of noble

metals or soft alloys thereof.
This Sheet Has Been Replaced
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1. A method of polishing a surface of a noble metal or an alloy comprising
mainly noble metal, in which a polishing means and said surface are moved with respect
to each other while exerting a polishing pressure for obtaining a polished surface,
characterized in that a composition comprising demineralised water with 20 to 40% by

5 weight of an organic liquid comprising a poly-alcohol or a derivative thereof and

' particles which can be encapsulated and have a Knoop’s hardness of between 5 and 50

" GPa is used as a polishing means.

2. A method as claimed in Claim 1, characterized in that grains having a
grain size of the order of 50 nm are used as particles.
10 3. A method as claimed in Claim 1 or 2, characterized in that ALO, grains
are used as particles.
4. A method as claimed in Claim 1 or 2, characterized in that Sn0, grains
are used as particles.
5. A method as claimed in Claim 1, 2, 3 or 4, characterized in that 0.1 to
15 1% by weight of particles is used.
6. A method as claimed in Claim 1, 2, 3, 4, or 5, characterized in that the

organic liquid comprises glycerol.
7. A method as claimed in any one of the preceding Claims, characterized in
that a maximum polishing pressure of 150 g/cm’ is used.
20 8. A method as claimed in any one of the preceding Claims, characterized in
that an auxiliary polishing means absorbing the polishing means is used.
9. A method as claimed in Claim 8, characterized in that the auxiliary
polishing means comprises a tissue of organic fibres.
10. A method as claimed in any one of the preceding Claims, characterized in
25 that the method starts from a substrate on which a layer having a surface of a noble
metal or an alloy comprising mainly noble metal is formed.
11. A method as claimed in Claim 10, characterized in that a non-magnetic
layer is deposited on the polished surface obtained for fonmng a transducing gap of a

| ~ ll|I||I| N ERR R
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13. A polishing means suitable for use in the method as claimed in any one of
5 Claims 1 to 11, characterized by the presence of demineralised water with 20 to 40%
by weight of an organic liquid comprising a poly-alcohol or a derivative thereof and

particles which can be encapsulated and have a Knoop’s hardness of between 5 and 50

GPa.
14. A polishing means as claimed in Claim 13, characterized in that the

10 particles comprise grains having a grain size of the order of 50 nm.

‘ 15. A polishing means as claimed in Claim 13 or 14, characterized in that

A),0, and/or SnO, grains are present. '
16. A polishing means as claimed in Claim 13, 14 or 15, characterized in that
0.1 to 1% by weight of particles is present.

15 17. A polishing means as claimed in Claim 13, 14, 15 or 16, characterized in

that the organic liquid comprises glycerol.
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Method of polishing a surface (5a) of a noble metal or an alloy
comprising mainly noble metal, in which ipolishing means is moved across the surface
while exerting a polishing pressure for obtaining a plane and smooth polished surface
without any defects. A composition comprising demineralised water with 20 to 40% by
( 5 weight of an organic liquid comprising a poly-alcohol or a derivative thereof, for
example, glycerol, and particles which can be encapsulated and have a Xnoop’s
hardness of between 5 and 50 GPa, for example Al,O, grains, is used as a polishing

means.
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: escrs t:on
of a noble nc mainly noble netal. Ang
of the po g """ ‘rhe i nvention is characterl Wﬂfmﬂ
the parti¢ T gra| n.size.af the aorder '
this size | nS|p<f1 SH rtirf%sp:‘i‘ o'pert | eg THIS OHEETHAS BEEN bec
sufficien manlfest whi | | s jare sgE ntly small to be
fully enchpBalE OF. REGEH?fBogn zantéghe pa REPLADES rding to the

i nvent i onMeéhehef pﬂishtngzeduﬂfmtdreu néble nitslt drcdresllosanpifing faidly Ho8leor

[err] gra| ns. These ra| ns are partlcul arIy suitable for suspensmn in the
or gani ¢ | metalamageatici head pbaipahle by mesns of said methed wnd polshing mesns syitable

enbodi nmen I ng means according to the invention is '
character?ozrq‘{(fel %ﬁ?lg{bt?la 1to 1 %by weight of particles is present. The
proportionally small quantity of particles prevents coagul ati on of
particles to |l arger clusters and
The invention relates to a method of polishing a surface of a noble metal

or an alloy comprising mainly noble metal, in which a polishing means and said surface

are moved with respect to each other while exerting a polishing pressure for obtaining a

polished surface.

It is generally known to polish platinum, gold or silver surfaces
mechanically by means of polishing grains. Although a satisfactory planeness can
generally be achieved in this way, the polished surface has many grooves and scratches
when viewed microscopically. Moreover, mechanical polishing causes materjal
disturbances under the polished surface. A mechanically polished surface is unsuitable
for many uses such as, for example direct bonding. Moreover, in the manufacture of
layered’high-tech products, such as thin-film magnetic heads, very plane and smooth
polished surfaces without defects are.required.

It is an object of the invention to provide a method of polishing a surface
of a noble metal or an alloy comprising mainly noble metal, in which a polishing means
is moved across the surface to be polished while exerting a polishing pressure, with
which method a surface which is substantially plane smooth and without defects can be
obtained. )

To this end the method according to the invention is characterized in that
a composition comprising demineralised water with 20 to 40% by weight of an organic
liquid comprising a poly-alcohol or a derivative thereof and particles which can be
encapsulated and have a Knoop’s hardness of between 5 and 50 GPa is used as a
polishing means.

It has been found that use of the method according to the invention for
noble metals such as Pt, Au or Ag or mixed forms thereof, or alloys comprising mainly
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ensures a scratchl ess polishing neans. An enbodi nent of the polishing nmeans
according to the invention is characterized by the presence of glycerol.

G ycerol has been found em nently suitable, particularly in conbination

wi th A1203 and/or [err]. Another suitable poly-alcohol is glycol or a

pol yvinyl al cohol. These and other aspegts of the invention will be
apparent from and-elucidated with reference to the enbodi nents descri bed
her ei naf LU Smbd S bl Hst r t

manuf actE‘?Plﬁgbgm%r%ﬁgrﬁ%gnet?%%@gé,éo?%%ﬁnnﬁléﬁﬁde@%%l aﬁﬁé%ﬁ%nt of the
met hod apossiblerigtetmethliic GomponhdosuchasusgMg,afd; Alj,GPt,Sh, shinels can bi n-fi | m

magneti ¢ head accordj to the invention, nmad means., Qf .said net hod.
g cnamcte?ized as kgzgg relative%y soft, yieids substant?algy plane pohs%ed surfaces

without defects, in which surface roughnesses R (rms) of less than 2 nm can be
achieved. It is assumed that the organic liquid present in the indicated amount in the
polishing means functions as an encapsulating, suspending means for the particles which
are present, so that the possibility of scratches is minimal in spite of the hardness of the
small particles.

It is to be noted that it is known to polish diamond without defects by
means of a polishing means comprising Si0O, nanoparticles and sub-micron particles of
diamond in an alkaiine solution. This method of polishing without defects is, however,
unsuitable for polishing a relatively soft surface of a noble metal or an alloy comprising
mainly noble metal, because noble metals are not chemically susceptible to an alkaline
environment. Moreover, polishing particles of diamond are much too hard in proportion
to the hardness of noble metals or soft alloys thereof.

An embodiment of the method according to the invention is characterized
in that grains having a grain size of the order of 50 nm are used as particles. Thése
grains are slightly larger than microclusters. It has been found that the particles can be
encapsulated and suspended satisfactorily at said grain size so that, while maintaining
the hardness, the possibility of scratches is minimal. '

An embodiment of the method according to the invention is characterized
in that ALO; grains are used as particles. It has been found that these particles having a
Knoop’s hardness of approximately 21 GPa not only have a suitable hardness but can
also be eminently encapsulated and suspended in the previously mentioned organic
liquid. SnO, grains having a Knoop’s hardness of approximately 6.5 GPa may also be
used successfully. |

Colloidal-chemical circumstances, such as the electrophoretic potential of
the particles used in the organic liquid determine their suitability for use in the method
according to the invention. It has been found that Al,O; and SnO, particles are
eminently suitable in an organic liquid comprising glycerol or consisting of glycerol.
Another suitable liquid comprises a stearic acid ester of glycerol, suspended in water, It
is to be noted that grains of cerium oxide, which are suitable as regards hardness, are

not satisfactory.
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A nmet hod of manufacturing a thin-filmmagnetic head, using an enbodi nent of

tthe nmet hod according to the invention will be described with reference to
Figs. 1 to 8 The nethod starts froma soft-nagnetic substrate 1, in this
enbodi nent 6 a ferrite such as NiZn ferrite having a snooth and pl ane

substrate surface on which a mask 3, in3his enbodi rent a mask of nickel is
formed by successive deposition and structuring. The deposition of a nickel

| ayer may be perforlnwtobbe medlmabftheauseedafegycerplaulpghﬁnmgmns ishialosvriaper
phot oresi st | ayer be used far structuri gy gr oove,_or %ess la is
|

for med i nse fremsUbwh l4a35§ 19 (rerevith mcoprraied rgferems} I&‘aﬁwﬁb i

describes a polishing method which is used as a finishing operation of a surface of
relatively hard magnetic materials, particularly ferrite or an FeAlSi alloy, using a metal
polishing disc. The liquid polishing means used comprises 10 to 30% by weight of
glycerol and 1 to 4% by weight of polishing grains of magnesium oxide having a grain
size of approximately 0.1 gm. The polishing pressure is in the range between 0.2 and
0.3 kg/cm?, 1t has been found that this known polishing method is unsuitable for
achieving very small surface roughnesses on surfaces of noble metals or noble metal
alloys which are much softer as compared with ferrite. The use of Al,0, particles as a
polishing means is discouraged in US-A 4,358,295.

An embodiment of the method according to the invention is characterized
in that 0.1 to 1% by weight of particles is used. Coagulation is prevented at this
relatively low percentage of particles.

An embodiment of the method according to the invention is characterized
in that a maximum polishing pressure of 150 g/cm? is used. In the method according to
the invention physical, chemical and mechanical parameters play a role. The polishing
pressure is an external magnitude with which the method can be controlled and
optimized. Said relatively low polishing pressure yields an optimal result because the
particles are prevented from being pressed through the encapsulating layer during
polishing at this pressure.

An embodiment of the method according to the invention is characterized
in that an auxiliary polishing means absorbing the polishing mea.ns is used. This
auxiliary polishing means, which is also referred to as polishing base, retains the
polishing means during polishing and thereby ensures, inter alia an optimum wetting of

" the surface to be polished. A tissue of organic fibres or a polishing cloth of pressed
organic fibres is preferably used. The hardness of the polishing base is extremely
important for optimization of the method according to the invention. The auxiliary
polishing means preferably has a Shore A hardness of between 10 and 80; DIN: 53505.

An embodiment of the method according to the invention is characterized
in that the method starts from a substrate on which a layer having a surface of a noble
metal or an alloy comprising mainly noble metal is formed. This embodiment, in which

the electrically conducting layer may be structured, is particularly suitable for use in the
This is the replacement sheet
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sputter-etching or reactive ion etching, whereafter any remaining parts of
the mask 3 are renoved by, for exanple wet-chem cal etching. A layer 5 of a
noble nmetal, in this enbodi ment gold, is provided, for exanple, by neans of
sputtering on the substrate 1 thus structured. To inprove the adhesion of
the noble netal to the ferrite material, 4a | ayer of an adhesive material,
In this enbodi nent- Mo, may be forned before the noble netal is provided.
The | ayer n?arﬁ Snalt ol | . r i ch
surface is po?a%nﬁe 8{1/ rreang fg?i"lﬁl% mgﬁﬁa @g;gg@%a‘ ﬁgkéﬁ“ e@%%%??%md%r
obt ai ni ng smoothndss) plaheaess\and goaditian, particolarlyephysimalsconditian ef potished surdaces

dof ect's. | #6° IBPSERr &m BB ITREREAE ber0x i ErpHTed1AYG WEBFS 28 806HE WY/ o 1 he
t < d
| mventi on s wiserls sehiily BEARS. NBRYR SORBRSI bPR HRERIESLRY us*eeﬁysﬁr@uiée

water wth cerol
have a low resistance, for example less than 1 Ohm. The method according to the

invention provides the possibility of using narrow, relatively thick windings, in which
the layer is embedded in the substrate. A hard ferrite can be used without any problem
as a substrate material.

An embodiment of the method according to the invention is characterized
in that a non-magnetic layer is deposited on the polished surface obtained for forming a
transducing gap of a magnetic head. Due to the accurate polished surface which is
present, the non-magnetic layer may be perfectly smooth without any thickness
variations when using the method according to the invention and may thus have an
accurately defined thickness. The thickness of the non-magnetic layer determines the
writing behaviour of the magnetic head obtained. For example, quartz or zirconia may
be used as a material for the non-magnetic layer, which material may be deposited by
PE-CVD or sputtering, respectively.

The invention also relates to a magnetic head obtainable by means of the
method according to the invention. The thin-film magnetic head obtained may be a read
and/or write head. In the case of a read head a high efficiency is required. To this end a
recess or a groove can be provided in the magnetic yoke of the magnetic head when
using the method according to the invention. A noble metal or an alloy comprising
mainly noble metal is deposited in the recess, whereafter a planarization process is
carried out, using the method according to the invention for obtaining a polished
surface.

The invention also relates to a polishing means which is suitable for use in
the method according to the invention.

The polishing means according to the invention is characterized by the
presence of demineralised water with 20 to 40% by weight of an organic liquid

- comprising a poly-alcohol or a derivative thereof and particles which can be
encapsulated and have a Knoop's hardness of between 5 and 50 GPa. The composition
of the polishing means according to the invention is based on the recognition that

particles within said range of hardnesses which can be taken up for electrophoretic
This is the replacement sheet
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0.1 to 1% by weight of A1203grans having an average di aneter of
approximately 50 nm The polishing neans is noved with respect to the
surface 5a by neans of a polishing base of organic fibres, while

si mul t aneously exerting a polishing pressure of approximtely 100
g/cnerr]. During polishing, the grainsSwich are present are encapsul ated
in glycerol, in which the relatively |ow polishing pressure used prevents

grains frgsedial fespieisE suitableoorganiersphition dndycansbeseticapsulstedignd bespeiidedns. |t
has surpri si n‘gé{qcbeen found that the polished noble netal surface 7a
obt ai ned Yihe Gulation aressuitablefay madising ey canqash « defpetlesy polished surface

Foadi 1y s Bs pidor 6 AR rpt e b BRPSISRIRRL, OO CMIT OO, i

surface 9 on whi ch An bmpedimeht of the pulishing gneins accaridan! to ialihyention is

non-conducting material is formed. To this end, for exanple_ quartz or

zirconia WC%GZG@%&’#&F PArtigles SempFiseETARONYANg B Araidr sizgyof the order of 50
nm. At this size the intrinsic hardness properties of the material become sufficiently
manifest, while the particles are sufficiently small to be fully encapsulated.

An embodiment of the polishing means according to the invention is
characterized in that the particles comprise ALO, and/or SnO, grains. These grains are
particularly suitable for suspension in the organic liquid comprising a poly-alcohol or a
derivative thereof.

An embodiment of the polishing means according to the invention is
characterized in that 0.1 to 1% by weight of particles is present. The proportionally
small quantity of particles prevents coagulation of particles to larger clusters and
ensures a scratchless polishing means,

An embodiment of the polishing means according to the invention is
characterized by the presence of glycerol. Glycerol has been found eminently suitable,
particularly in combination with AL,O, and/or SnO,. Another suitable poly-alcohol is

glycol or a polyvinyl alcohol.

 These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.
In the drawings
Figs. 1 to 8 illustrate a method of manufacturing a planar magnetic head,
in which method an embodiment of the method according to the invention is used, and

Fig. 9 shows a thin-film magnetic head according to the invention, made

by means of said method.

A method of manufacturing a thin-film magnetic head, using an
embodiment of the method according to the invention will be described with reference

to Figs. 1 to 8. The method starts from a soft-magnetic substrate 1, in this embodiment
This is the replacement shee!
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respectively. In this respect it is inportant that the |ayer 11 has an
accurate uniform |l ayer thickness because a portion of the layer 11 in the
manuf act ured nagneti c head functions as a transducing gap 1lla (see Fig. 9).
By using a recessed conductor, the thickness of |layer 11 can al so be chosen
freely for a small wite gap. In the casg of a 7 non-recessed conductor,
thick insulation layers nmust be provided so as to ensure a satisfactory

step coat b Ferrité) ShichCasPEME fRri@ MR imeCa §RbbthSanABS RS Subishifte CRRBEBE bR wHSIH 2 t he
magneti c yoke, which thick insulation |ayers 'nust be re-etched at a |ater

stage to maek 3ok it embodiments mask of nmke safformed biisuecessive depasitian ayalp.
structuring. The deposition of a nickel layer may be performed by means of an
electroplating process, while 2 photoresist layer may be used for structuring. A groove
or recess 1a is formed in the substrate 1 by removal of material, fof example by
sputter-etching or reactive ion etching, whereafter any remaining parts of the mask 3
are removed by, for example wet-chemical etching. A layer 5 of a noble metal, in this
embodiment gold, is provided, for example, by means of sputtering on the substrate 1
thus structured. To improve the adhesion of the noble metal to the ferrite material, a
layer of an adhesive material, in this embodiment Mo, may be formed before the noble
metal is provided.

The layer 5 has 2 noble metal surface Sa remote from the substrate 1,
which surface is polished by means of the method according to the invention for
obtaining a winding 7 serving as an inductive transducing element and having an at least
substantially plane surface 7a without scratches and defects. To this end an embodiment
of the polishing means according to the invention is used, which means has a
composition comprising demineralised water with 20 to 40% by weight of glycerol and
0.1 to 1% by weight of ALO; grains having an a;lerage diameter of approximately 50
nm. The polishing means is moved with respect to the surface 5a by means of a
polishing base of organic fibres, while simuitaneously exerting a polishing pressure of
approximately 100 g/cm?. During polishing, the grains which are present are
encapsulated in glycerol, in which the relatively low polishing pressure used prevents
grains from being pressed through organic layers surrounding the grains. It has
surprisingly been found that the polished noble metal surface 7a obtained perfectly
adjoins the adjacent surface portions 1b of the substrate 1. It is to be noted that
planenesses of less than 100 nm are readily achievable.

The surfaces 1b and 7a jointly form a smooth main surface 9 on which a
layer 11 of a non-magnetic, electrically non-conducting material is formed. To this end,
for example quartz or zirconia can be deposited by means of PE-CVD or sputtering,
respectively. In this respect it is important that the layer 11 has an accurate uniform
layer thickness because a portion of the layer 11 in the manufactured magnetic head
functions as a transducing gap 11a (see Fig. 9). By using a recessed conductor, the

thickness of layer 11 can also be chosen freely for a small write gap. In the case of a
This is the replacement shaet
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In the layer 11 fornmed a connection aperture 13 is provided by neans of a
known techni que, for exanple by chem cal etching in quartz. Subsequently a
soft- magnetic material, for exanple an NiFe alloy or a CoZrNb alloy is
deposited by neans of a known deposition technique for formng a
flux-guiding layer 15. Subsequently the kayer 15 is polished for formng a
flux guide 15a and- a head face 17 can be forned by neans of grinding and/ or

pol i shing., 5&@&&%@#&&&&&&1&&6@&%’ fudt bfd%h’}‘é%é% ¢ of the

met hod descrl above IS magnetic conprises an i nductive elenment 7
whi ch is rsetisfacteny step bbﬁmgmtdttoqnevemt ahatt-circyitsobsteveen et ¢onductagaed ithe yoke

tr ansduct MRARISES Z9EE> Wi SiE isalarisn Jiyeth mUspUF Fr-E08] AhF SHEE SRR D the
encapsul at.geedndidRave B ggngga@sehﬁé degra whtdgipieen 5 and 10 GPa can be
used instead of A1203 grains in th

In the layer 11 formed a connection aperture 13 is provided by means of a
known technique, for example by chemical etching in quartz. Subsequently a soft-
magnetic material, for example an NiFe alloy or a CoZrNb alloy is deposited by means
of a known deposition technique for forming a flux-guiding layer 15. Subsequently the
layer 15 is polished for forming a flux guide 15a and a head face 17 can be formed by
means of grinding and/or polishing.

Fig. 9 shows a thin-film magnetic head obtained by means of the method
described above. This magnetic head comprises an inductive element 7 which is
recessed in the substrate 1 and is provided with a magnetic yoke formed by the -
substrate 1 and the flux guide 152 and a non-magnetic transducing gap 11a.

It is to be noted that particles which can be encapsulated and have a
Knoop's hardness of between 5 and 10 GPa can be used instead of ALO; grains in the
polishing means.

1t is further to be noted that instead of Au, another noble metal or an
alloy comprising mainly noble metal such as platinum-tin, gold-nickel or silver-copper
can be polished. ‘

For polishing a platinum surface an embodiment of the method according
to the invention was used in a successful experiment in which the polishing means
comprised 400 cc of demineralised water, 150 cc of glycerol and 5 g of ALO; grains
having an average grain size of 50 nm. T};e polishing pressure was between 25 and 50
glem?.

In another experiment, in which a perfectly polished silver surface was
obtained, a composition of 500 cc of demineralised water, 100 cc of glycerol and 2 g of
AL O, particles having an average grain size of 50 nm was used as a polishing means.
The polishing pressure was 100 g/cm?. _

It is further to be noted that the method according to the invention is not
limited to its use in processes of manufacturing magnetic heads, but is suitable for many
applications in which strict requirements are imposed on the surface condition of noble

metals or soft alloys thereof.
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polishing nmeans. It is further to be noted that instead of Au, another
nobl e netal or an alloy conprising mainly noble netal such as platinumtin,
gol d-ni ckel or silver-copper can be polished. For polishing a platinum
surface an enbodi ment of the method according to the invention was used in
a successful experinment in which the poligshing neans conprised 400 cc of
dem neralised watér, 150 cc of glycerol and 5 g of A1203 grains having an
aver age gr@ g§ze of 50 nm The polishing pressure was between 25 and 50
g/cnferr]. I'n another experinment, in which a perfectly polished silver
surface was obtained, a conposition of 500 cc of dem neral ised water, 100

cc of glycerol and 2 g of A1203 particles having an aver ' '
50 nmwas used as a polishing means. ﬁiﬂ“fmmﬂllmmum
[+ L M s *

%*

1. A method of polishing a surface of a noble metal or an alloy comprising
mainly noble metal, in which a polishing means and said surface are moved with respect
to each other while exerting a polishing pressure for obtaining a polished surface,
characterized in that a composition comprising demineralised water with 20 to 40% by
weight of an organic liquid comprising a poly-alcohol or a derivative thereof and
particles which can be encapsulated and have a Xnoop’s hardness of between 5 and 50

" GPais used as a polishing means.
2. A method as claimed in Claim 1, characterized in that grains having a
grain size of the order of 50 nm are used as particles.
3. A method as claimed in Claim 1 or 2, characterized in that ALO, grains
are used as particles.
4. A method as claimed in Claim 1 or 2, characterized in that SnG, grains
are used as particles.
5. A method as claimed in Claim 1, 2, 3 or 4, characterized in that 0.1 to
1% by weight of particles is used.
6. A method as claimed in Claim 1, 2, 3, 4, or 5, characterized in that the
organic liquid comprises glycerol.
7. A method as claimed in any one of the preceding Claims, characterized in
that a maximum polishing pressure of 150 g/cm? is used.
8. A method as claimed in any one of the preceding Claims, characterized in
that an auxiliary polishing means absorbing the polishing means is used.
9. A method as claimed in Claim 8, characterized in that the auxiliary
polishing means comprises a tissue of organic fibres.
10. A method as claimed in any one of the preceding Claims, characterized in
that the method starts from a substrate on which a layer having a surface of a noble
metal or an alloy comprising mainly noble metal is formed.
1. A method as claimed in Claim 10, characterized in that a non-magnetic
layer is deposited on the polished surface obtained for forming a transducing gap of a

This is the replacement sheat
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The polishing pressure was 100 g/cn2. It is further to be noted that the
met hod according to the invention is not limted to its use in processes of
manuf act uri ng magneti c heads, but is suitable for many applications in
which strict requirenments are inposed on the surface condition of noble

metals or soft alloys thereof. 8 CLAIMS: 1. A net hod of .
polishing a surface of a noble netal or an alloy conprising mainly noble
metal, in_which & oI i shing neans and said surface are noved with respect
magnetic head.
12, A magnetic head obtainable by means of the method as claimed in Claim
11.
13. A polishing means suitable for use in the method as claimed in any one of

Claims 1 to 11, characterized by the presence of demineralised water with 20 to 40%
by weight of an organic liqiid comprising a poly-alcohol or a derivative thereof and

particles which can be encapsulated and have a Knoop’s hardness of between 5 and 50

GPa.
14. A polishing means as claimed in Claim 13, characterized in that the

particles comprise grains having a grain size of the order of 50 nm.
15. A polishing means as claimed in Claim 13 or 14, characterized in that

AL O, and/or SnO, grains are present. _
16. A polishing means as claimed in Claim 13, 14 or 15, characterized in that

0.1to 1% by weight of particles is present.
17. A polishing means as claimed in Claim 13, 14, 15 or 16, characterized in

that the organic liquid comprises glycerol.

T
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to each other while exerting a polishing pressure for obtaining a polished
surface, characterized in r conprising dem neralised water
with 20 to 40% by wei ght of Tt S8H B conprising a poly-al cohol or
a derivative thereof and particl be encapsul ated and have a
Knoop' s hardness of betwee GPa i s used as a polishing neans. 2.

A method as claimed in Caim1, charactel zed in that grains having a grain
size of the order of 50 nmare used as particles. 3. A nmet hod as
claimed | ABSTRACT: or 2, characterized in that Al1203 grains are used as
particles |rred|nCI m 1l or ,2, charact {izedin

. ,.A net hod |
that [err Mihod ﬁgp%lﬁsnr&gg“&géep%fﬁ blg meta] or an alloy compgsing dnasaly dokiered i n
Gaiml, Zetad, RagfleticCHALBTARINAE By ednS B sPid'mbMod and polishing means suitable

for use in the method.

Method of polishing a surface (5a) of a noble metal or an alloy
comprising mainly noble metal, in which zipolishing means is moved across the surface
while exerting a polishing pressure for obtaining a plane and smooth polished surface
without any defects. A composition comprising demineralised water with 20 to 40% by
weight of an organic liquid comprising a poly-alcohol or a derivative thereof, for
example, glycerol, and particles which can be encapsulated and have a Knoop’s
hardness of between 5 and 50 GPa, for example Al,O, grains, is used as a polishing

means.

Fig. 3.
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1% by wei ght of particles is used. 6. A nmethod as clainmed in Claim
1, 2, 3, 4, or 5 characterized in that the organic liquid conprises

gl ycerol. 7. A nmethod as clainmed in any one of the preceding
Clainms, characterized in that a maxi num polishing pressure of 150 g/cnierr]
I's used. 8. A nmethod as clainmed in any one of the preceding d ains,
characterized in-that an auxiliafy polishing nmeans absorbing the polishing
means i s used. 9. A method as claimed in Caim8, characterized in
that the auxiliary polishing means conprises a tissue of organic fibres.

10. A nethod as claimed in any one of the preceding C ains,

characterized in thdt the nethod startfs froma substrate on which a Iayer
havi ng a surface3 a noble mgtal or gn alloy cqnprising mainly noble netal
is forned. \

g
-------

FIG. 1

FI1G.2

FIG.3

F1G.4

FIG.5
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11. A nmethod as clainmed in Caim10, characterized in that a
.non-magnetic layer is deposited on the polished surface obtained for

formng a transducing gap of a This is the replacenent sheet 9 magnetic
head. 12. A magneti c head obtai nabl-e by nmeans of the nethod as
claimed in Cdaim11l. 13. A polishing neans suitable for use in the
nmet hod as clained-in any one of d ai 1 to 11, characterized by the
presence of dem neralised water with40 to 40%

' 13

FIG.7

FIG.8

N

FIG.9
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t hereof dnd particles which can be encapsul ate g&ﬁﬂ%K opp' s hardness

of between 5 and 50 GPa. 14. A pol i shijn din daim
13, characterized in that the particles [conp [ grains havi a grain size
of the order of 50 nm 15 A poI [ Shl ng rmeans as clainedfin Claim13
or 14, char aﬁﬁlﬁﬁi&ﬁ@)ﬂ' Kt - .~ O

A pol i shing nmeans as c 'i%) char ‘-o t hat
0.1 to 1 %by weight of par I'cles |s presen E} * A polishing neans

as claimed in daim113, 14, 15 or characterized in that the organic
Il iquid conprises glycerol.

The invention relates to a method of polishing a surface of a noble metal
or an alloy comprising mainly noble metal, in which a polishing means and said surface
are moved with respect to each other while exerting a polishing pressure for obtaining a
polished surface.

It is generally known to polish platinum, gold or silver surfaces
mechanically by means of polishing grains. Although a satisfactory planeness can
generally be achieved in this way, the polishéd surface has many grooves and scratches
when viewed microscopically. Moreover, mechanical polishing causes material
disturbances under the polished surface. A mechanically polished surface is unsuitable
for many uses such as, for example direct bonding. Moreover, in the manufacture of
layered'high-tech products, such as thin-film magnetic heads, very plane and smooth
polished surfaces without defects a.re.required.

It is an object of the invention to provide a method of polishing a surface
of a noble metal or an alloy comprising mainly noble metal, in which a polishing means
is moved across the surface to be polished while exerting a polishing pressure, with
which method a surface which is substantially plane, smooth and without defects can bc

obta.med

To this end the method according to the invention is characterized in that
a composition comprising demineralised water with 20 to 40% by weight of an organic
liquid comprising a poly-alcohol or a derivative thereof and particles which can be
encapsulated and have a Knoop’s hardness of between 5 and 50 GPa is used as a
polishing means.

It has been found that use of the method according to the invention for

noble metals such as Pt, Au or Ag or mixed forms thereof, or alloys comptisirig mainly
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ABSTRACT

METHOD OF POLISHING A SURFACE OF A NOBLE METAL OR AN ALLOY
COMPRISING MAINLY NOBLE METAL.

Method of polishing a surface (5a) of a noble metal or an alloy
comprising mainly noble metal, in which a polishing means is moved across the surface
while exerting a polishing pressure for obtaining a plane and smooth polished surface
without any defects. A composition comprising demineralised water with 20 to 40% by
weight of an organic liquid comprising a poly-alcohol or a derivative thereof, for
example, glycerol, and particles which can be encapsulated and have a Xnoop’s
hardness of between 5 and 50 GPa, for example Al,O, grains, is used as a polishing

means.

Fig. 3.
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