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METHOD FOR FORM NG MAGNETI C POLES IN THI N FPLM
"MAGNETI C HEADS BACKGROUND OF THE | NVENTI ON 10
The present invention relates to a nmethod for formng magnetic poles in
thin filmmgnetic heads by a frane plating t echni que. I'n
recent years, magnetic recordi ng has been perforned at nuch hi gher
densities. Wth this, thin filmnmgnePECcIhraasIdd usi ng soft magnetic thin
films for nmagnetic poles, and magnet or esi stance (MR) heads naki ng use
of magnet or esi st ance effect for reproducin ur poses have been under
remar kabl e devel opnents. An b i'%mdéylgSﬁ'EB&Eo read exter nal

magneti c signals through a resistance change in a reading 20 sensor fornmed

of magnetis material. A chay@fidy irdkl Fohfithd EaeneTIel pbP gMR head is that
hi gh outputs are achi evabl e even when ma né%lc recording is perforned

at high linear densities FEy EEP%UV%EQF?;QMﬁﬁAB§pendent onits

relative speed with respect to a recording nmedium For the MR head that
is a 25 reproduci ng head, an MR i nduction conposite head is used, in
whi ch an MR head portion is prgvided in the formof an I ntegral piece

of an indfgtion head portion fOI-RCEOHNRI ¢F THE BENEIEY.

The present invention relates to a method for forming
magnetic poles in thin film magnetic heads by a frame plating
technique.

In recent years, magnetic recording has been performed
at much higher densities. with this, thin film magnetic heads

15  using soft magnetic thin films for magnetic poles, and
magnetoresistance (MR) heads making use of magnetoresistance
effect for reproducing purposes have been under remarkable
developments. An MR head is designed to read external
magnetic signals through a resistance change in a reading

20 sensor formed of magnetic material. A characteristic feature
of the MR head is that high outputs are achievable even when
magnetic recording is performed at high linear densities
because outputs are not dependent on its relative speed with
respect to a recording medium. For the MR head that is a

25 reproducing head, an MR induction composite head is used, in
which an MR head portion is provided in the form of an
integral piece of an induction head portion for recording
purposes.

A thin film magnetic head is typically fabricated by

30 stacking on an insulating substrate a lower magnetic pole, a

'~ gap layer, a coil surrounded by an insulating film, an upper
pole and a protective film in the described order. Magnetic
pole formation is usually achieved by a so-called frame
plating technique. For instanée, the frame plating technique

35 is described in JP-B 56-36706. The frame plating technique is
used to form members having limited dimensional tolerances
sgch as magnetic poles in thin film magnetic heads. According



A thin filmmagnetic head is typically fabricated by 30 stacking on an
insulating substrate a | ower magnetic pole, a gap | ayer, a coil
“surrounded by an insulating film an upper pole and a protective film
in the described order. Magnetic pole formation is usually achieved by
a so-called frane pl ati ng techni que. For instance, the franme plating
techni que 35 i s described in JP-B 56-36706. The franme plating technique is
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al so be plating film formed in the form of an upper magnetic pole
15 during the fabrication of a thin film magnetic head decreases
in thickness under the influences of etching or other
operations in the subsequent steps. A plating frame for
forming the tip portions of magnetic poles should alsoc be
thicker than required because the resist film used is poor in
20 the capability of tracing thickness (hereinafter called the
thickness traceability), as will be described later. For
these reasons, the plating film must have a thickness of at
. least 4 um so as to form an upper magnetic pole of at least 3
um in thickness. Correspondingly, it is required for the
25 plating frame to have a height of at least 4 um. When
magnetic poles for such narrow tracks are formed, therefore,
it is required to form in a resist film a narrow yvet
relatively deep space with a depth to width ratio of at least
2.
30 A general positive resist has so far been used for.
plating frame material. It is understood that the term
"general positive resist" used herein refers to a mixture of
an alkali-soluble phenol resin and a sensitizer {e.g.,
naphthoquinonediazide). When used to form magnetic poles in a
35 thin film magnetic head, the positive resist for the plating
frame should have three major properties:
1) it should have high resolution;




t hi cker than required because the resist filmused is poor in 20 the

capability of tracing thickness (hereinafter called the t hi ckness
“traceability), as will be described |ater. For t hese reasons, the
plating fil mnust have a thickness of at |l east 4 [err]mso as to form

an upper magnetic pole of at least 3 3 [err]min thickness.
Correspondingly, it is required for the 25 plating frane to have a hei ght
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conventional positive resist is used to form a narrow vet

15 relatively deep space in a resist film, however, a bottom
portion of the space has a shape defected called tailling, as
can be seen from Figure 5, due to insufficient resolution.

Such disorders in the sectional shape of the space make the
width of the space inconsistent in the depth-wise direction.

20 Poor thickness traceability poses such problems as
mentioned below. As depicted in Figure 2 A, an upper magnetic
pole in a thin film magnetic head is formed on an insulating
film 23 including a coil 24 therein with an electroconducﬁive
seed film 3 located between them. In the vicinity of the coil

25 24, there is a step of about 10 um in height with respect to
the vicinity of a gap (a left-handed portion of an insulating
film 22 shown). For this reason, a plating frame for forming
the upper magnetic pole is formed astride the step. A resist
film 41 that provides the plating frame is usually formed by

30 spin coating. When the resist is poor in the thickness
traceability, however, it cannot faithfully trace the step.

This in turn causes the resist film 41 to become too thick in
the vicinity of the gap adjacent to a lower portion of the
step, as depicted in Figure 2 B. When the resist film becomes

35 too thick, it is difficult to form a space of good
dimensional accuracy upon patterning. A portion of the
plating frame in the vicinity of the gap adjacent to the




bel ow. This is because the conventional positive resist is 10 found to be
Insufficient in terns of properties 1) and 2). When nagneti c pol es
-for narrow tracks are fornmed, it is required to forma plating frame
havi ng a narrow yet relatively deep space, as nentioned above. Wen a
conventional positive resist is used tg forma narrow yet 15 relatively
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15 reason, 1t is difficult to fabricate magnetic heads having
consistent properties. N
It is therefore an object of the present invention to
make it possible to form a plating frame having a narrow yet
relatively deep space of good dimensional accuracy when a
20 magnetic pole in a thin film magnetic head is formed by a
frame plating technique.

SUMMARY OF THE INVENTION
Such an object is achieved by the present invention
25 defined below as (1) and (2).
(1) A method for fabricating a magnetic pole in a thin
film magnetic head by a frame plating technique, wherein:
a resist composition is used to form a plating frame
including a space having a section of up to 2 um in width and
30 at least 4 um in depth, said resist composition containing as
an alkali-soluble resin and a sensitizer a novolak resin
obtained by substituting a hydrogen atom in a hydroxyl group
in a novolak resin comprising at least one recurring unit
represented by the following formula (1):



4 l|'ower portion of the step is provided to formthe tip of the

magneti c pole. Wien the dinensional accuracy of a space in that frane
-portion is worse, a problem arises upon the formati on of a magnetic

pole for narrow tracks. This nay be 5 avoi ded under form ng conditions

preset in such a manner that the thickness of the resist filmis
optimzed in the vicinity of the gap adjacent to the | ower portion of _
the step. In this case, the thickness of the resist film41l on the step -
becones too thin, as depicted in RHure 2 g resulting in a 10
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15 1limitation, preferred embodiments of the present invention
will now be explained with reference to the accompanying'
drawings.

Figure 1 is a sectional schematic illustrative of one
exemplary construction of an MR induction composite head.

20 Figure 2 illustrates the states of upper magnetic poles
after a resist film 45 has been formed in the process of
fabricating magnetic poles in a thin film magnetic head bg
the frame plating technique. Fig. 2 A is a sectional N
schematic of the upper magnetic pole fabricated using the

25 resist composition according to the present invention, and
Figs. 2 B and 2 C are sectional schematics of the upper
magnetic poles fabricated using conventional resist
compositions.

Figures 3 A to 3 D are end views illustrative of the

30 steps subsequent to the state shown in Fig. 2 A, all
illustrating the ends of insulating films 23 in the vicinity
of the gaps adjacent to the lower portions of steps (in a
region where the tip portions of magnetic poles are formed)
shown in Fig. 2 A.

35 Figure 4 is a substitute photograph for a drawing
showing a fine pattern formed on a substrate. That is, Fig. 4



in a novolak resin conprising at |east one recurring unit represented
by the following fornmula (1): 5
“[err] wherein n is an integer of 1 to 4 and mis an integer of O
to 3, and having a wei ght average nol ecul ar wei ght of 2,000 to

6, 000 cal cul ated as polystyrene by 0.12 to 0.22 nol es per hydr ogen at om
of a 1, 2- naphthoquinonediazidosulfonyl‘broup 10 (2) The
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of an MR i du&ﬁ|8n588ﬂﬁiﬁﬁt%}eﬁgﬁan mlcroﬁﬁotograph taken of one plating
frame formed using a resist composition departing from the

range defined herein.
Figure 6 is a substitute photograph for a drawing
showing a fine pattern formed on a substrate. That is, Fig. 6
10 is a scanning electron microphotograph taken of another
plating frame formed using a resist composition departing
from the range defined herein.
Figure 7 is a substitute photograph for a drawing
showing a fine pattern formed on a substrate. That is, Fig. 7
15 is a scanning electron microphotograph taken of another
plating frame formed according to the present invention.

DETAILED EXPLANATION OF THE PREFERRED EMBODIMENTS
In the practice of the present invention, the aforesaid
20 specific resist composition is used with the frame plating
technique for forming magnetic poles for narrow tracks in a
thin f£ilm magnetic head.

This resist composition can provide a uniform resist”
film because of being a one-component system containing the

25 substituted novolak resin that acts as not only a positive
resist but also a sensitizer.

In this substituted novolak resin, the weight-average
molecular weight - calculated as polystyrene - of the novolak
resin to be substituted and the degree of substitution of

30 1,2-naphthoquinonediazidosulfonyl groups lie within the
ranges defined herein. It is thus possible to form with high
dimensional accuracy a narrow yet relatively deep space which
is free from shape defects such as tailling or necking in the
vicinity of its bottom. It is also possible to form a resist

35 film.excellent in the thickness traceability and hence a
space of good dimensional accuracy. The resist composition of
the present invention is excellent in sensitivity as well.



20 Figure 2 illustrates the states of upper magnetic poles after
a resist filma45 has been forned in the process of fabricating
magnetic poles in a thin filmnmagnetic head by the frame plating
technique. Fig. 2 Ais a sectional schematic of the upper magnetic
pol e fabricated using the 25 resist conmposition according to the present

I nvention, and Figs. 2 Band 2 C @re sectional schematics of the upper
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lsclosures of what the resist composition is specifically
used for and what effect is obtained when the resist
composition is used in a specific application. The resist
15 composition according to the present invention is optimized
for the production of a plating frame used to form magnetic
poles in a magnetic head by selecting a specific range of
weight-average molecular weight and a specific range of the
degree of substitution with respect to the resist composition
20 set forth in the publication. In the present invention, the
aforesaid weight-average molecular weight and the aforesaid
degree of substitution are selected to form a plating frame
including spaces having a width of up to 2 um and a depth of
at least 4 um. It is impossible to achieve spaces whose
25 section is free from shape defects such as tailling and
necking without limiting both the weight-average molecular
weight and the degree of substitution to the aforesaid
specific ranges.
JP-A 6-242602 also provides an example teachiﬁg the
30 weight-average molecular weight and degree of substitution
coming within the ranges defined in the present invention.
Novolak materials B to G shown in Table 1 have their weight-
average molecular weight Mw coming within the range defined
in the present invention. Of these novolak materials,
35 prodgcts B' to F' shown in Table 2 (solids B' to F' shown in
Table 3) have their degree of substitution falling within the
range defined in the present invention. As can be understood



10 is a scanning electron mcrophotograph taken of another pl ati ng
frame formed using a resist conposition departing fromthe range
“defined herein. Figure 7 is a substitute photograph for a draw ng
showing a fine pattern fornmed on a substrate. That is, Fig. 7 15 is a
scanni ng el ectron m crophot ograph taken of anot her pl ating frame forned
according to the present invention. 8 DETAI LED EXPLANATI ON OF
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sensitivity apregeht invention. A space having a depth of up to 3 um at a
width of 5 u4m takes a relatively shallow shape as expressed

15 Dby a depth to width ratio of up to 0.6. However, the space
according to the present invention has a width of up to' 2 um
and a depth of at least 4 um or a depth to width ratio of at
least 2, and so takes a relatively deep shape. When such a
space having a relatively large depth is formed, shape .

20 defects such as tailling or necking are likely to occur in
section. With the resist composition according to the present
invention, however, it is possible to prevent the occurrence
of shape defects such as tailling or necking when a space”
having a relatively deep shape is formed. |

25 Resist Composition

The resist composition used herein contains a novolak
resin wherein hydrogen atoms in hydroxyl éroups in a novolak
resin comprising at least one recurring unit represented by
formula (1) are substituted by 1.2-naphthoquinonediazido-

30 sulfonyl groups. The novolak resin with 1,2-naphthoquinone-
diazidosulfonyl groups introduced therein acts as an alkali-
soluble resin and a sensitizer as well.

The novolak resin comprising at least one recurring unit
represented by formula (1) should have a weight-average
35 moleqular weight of 2,000 to 6,000 and preferably 4,000 to
5,000 as calculated in the form of polystyrene. When the
weight-average molecular weight is too low, necking is likely
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conventional positive resist that is a mixture of novolak
resin and a sensitizer naphthoquinonediazide, it is said that

20 an unexposed portion of the sensitizer undergoes azo-coupling
on the surface of the resist upon development. In the one-
component positive resist used in the present invention, the
novolak resin combines together upon the aforesaid azo-
coupling reaction to give rise to an increase in molecular

25 weight, because the sensitizer forms part of the novolak
resin. With an increase in the aforesaid degree of
substitution in the one-component positive resist, the number
of points of binding (crosslinking) increases, so that the
molecular weight increase becomes more noticeable upon the

30 azo-coupling reaction, and the binding mechanism becomes more
complicated. Thus, the higher the aforesaid degree of
substitution, the higher the plating resistance properties
such as heat resistance and compression resistance. At too
high a degree of substitution, however, the resist

35 composition provides a resist film that is of low sensitivity
or absorbs much of exposure light during patterning. In
addition, it is impossible to form the aforesaid space having



in the present invention. O these novolak materials, 35 products B to F
shown in Table 2 (solids B to F shown in Tabl e 3) have their degree
“of substitution falling within the range defined in the present

i nvention. As can be under st ood 8
from Tabl e 3, however, the thickness of resist films forned usi ng
conposi tion sol utions containing SO|IdSOB to FF is 0.8 to 3 [err]m
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15 component resist composition according to the present
invention it is possible to obtain heat resistance equivalent
to or higher than that achieved by the mixing of a sensitizer
with a novolak resin with a low-molecular-weight component
cut off.

20 The resist composition of the present invention has a
low average molecular weight before exposed to light because
the sensitizer forms part of the novolak resin. It is thus
possible to achieve high resolution upon exposure. Upon -
development, this resist composition can have a high '

25 nmolecular weight due to crosslinking reactions such as azo-
coupling reaction, and so can provide a plating frame of very
high heat resistance. Thus, the present invention enables
high resolution upon exposure and heat resistance upon
development to be achieved at the same time.

30 The resist composition according to the present
invention may be used with exposure light of varying
wavelengths because the nucleus of the sensitizer is made up
of the novolak resin itself. In other words, it is
unnecessary to change the sensitizer even when the wavelength

35 of exposure light is changed.

''The resist composition according to the present
invention is of consistent quality stability because it is a



of shape defects such as tailling or necking when a space havi ng a

relatively deep shape is fornmed. 25 Resist Conposition The resi st
“conposition used herein contains a novol ak resin wherein hydrogen atons
i n hydroxyl groups.in a novol ak resin conprising at |east one recurring
unit represented by formula (1) are substituted by

|11

1, 2- napht hoqui nonedi azi do- 30 sul fonyl®"groups. The novolak resin with

1, 2- napht hoquiPneneemponenti aestios Wdnpsli tibAURRetein atieC gdnkheifé Bidns as -
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resin conpr|5|ag | east, _.one recurring resente Tortul a (1)
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preferably 4, 6Bstvesist 5c0P0sbsiamlicuhatedfFactde HyOWQEtﬂehySiryrtﬁ{ée
Wen the 5 webAR!lzAVES 33C 1! SGM AR YRILOAt 218 {9S ﬁﬁ% ZSFa§Cle9 's |ikely

9 to occur in the ottom portion of a sSpacé Th frame.
When it is toBTRPERRtIMthe contrary, tailling is likely to occur in

t he bOttOﬁipOEIEDﬂ_QiJﬁL&ﬂﬁngiQ;iﬁgpggiggbgting frame due to insufficient
resolution. In eithgl £AXN, [ ble.to fqrm

excel I ent di nensi on f ak §?%%? 5% ég) %ﬁy°$ﬁ89 ﬁ?yspace in

the plating conV?%ﬁ&anLSpPAY@ﬂEﬁﬁF%§Q§9&Cth9h¢¢@ﬂ$iam@ glidekpdes on of up to
2 [erxd m espeBrafénahle forltle [ddolsi ﬂséﬂdﬁékéﬂﬂja%b heéééséll IImin

10, 1 LS Rl RRRRLE: Bl Bt 1D L
space havi ng 8°8e %%P%%%éﬁUFH@n&GHFbﬁP]NﬁﬁomaY'be made of phenol,
Xylenol isomers, trimethylphenol isomers or their mixtures.
Preferable for the aldehydes polycondensed with these

15 phenols is formaldehyde. However, the present invention is
not limited to it, and so use may be made of aldehydes héving
up to 4 carbon atoms, e.g., acetaldehyde, propylaldehyde and
butylaldehyde, or their mixture. The amount of the aldehydes
used may optionally be determined depending on the desired

20 weight-average molecular weight of the end novolak resin. In
the practice of the present invention, however, it is usually
preferable to use the aldehydes in an amount of 0.3 to 1. 5
moles per mole of the phenols.

The catalyst used for the aforesaid polycondensatioﬁ is

25 an acidic catalyst as preferably exemplified by oxalic acid,
acetic acid, and formic acid. However, hydrochloric acid,
nitric acid, and sulfuric acid may be used as well. While a
hydrophilic solvent such as methanol or dioxane is used for a
reaction solvent, it is preferable to carry out

30 polycondensation at a temperature of 50 to 150°C. After the
completion of the polycondensation, it is preferable to
remove unreacted materials with the catalyst by stripping the
reaction product under reduced pressure at 130 to 250C, or
washing the reaction product with water, and extracting it in

35 a solvent such as ECA (ethyl cellosolve acetate), followed by
strlpplng under reduced pressure at 130 to 250C. In this way,



the formati on of nmagnetic poles. The present invention is | ess
effective for too deep a space, because tailling is likely to occur in
“a bottom surface portion of such a space. 15 The degree of
substitution or esterification of the 1, 2-

napht hoqui nonedi azi dosul fonyl group is 0.12 to 0.22 noles and

preferably 0.16 to 0.18 nol es per hydrdﬁen atom Regarding a
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degree of 10 beubsrriediox ackerbfigdeto tdicliphat/i Rgni&sd St ance properties
such as heat resistgacgeaish QAR | I.sd.anc [ eJe) hi gh a
degree of substitution, ehowever EEEEJ'(?& J&tso;%ﬁg Eﬁgﬁéelt enseﬁﬁ;ow des a
resist filmtAEVSPELIOR TRy REHEEE| GPR5R1in vagionssaddit ivssh sufherp odvee

i ght during pdgmenhsngnd |surfaceaddtivedhagenitsi opt 1RSSO thookREM t he
aforesai d spagenla¥if@rs. The surfactant used, for instance, may pe©

15 commercial products Furolard FC-430 and FC-431 (made by
Sumitomo 3M). The amount of such a surfactant used is
preferably up to 2 parts by weight per 100 parts by weight of
the novolak resin with 1,2-naphthoquinonediazidosulfonyl
groups introduced in it.

20 In the practice of the present invention, the resist
composition is prepared by dissolving the novolak resin with
1,2-naphthoquinonediazidosulfonyl groups introduced therein
in a solvent and, if necessary, adding various additives ﬁﬁ
the solution. The resist composition contains the aforesaid

25 novolak resin preferably at a concentration of about 15 to
about 60% by weight. Most generally, it is preferable to use
ECA (ethyl cellosolve acetate) for the aforesaid solvent.
However, it is also possible to use for that solvent ethylene
glycol monomethyl ether, ethylene glycol monoethyl ether,

30 methyl cellosolve acetate, diethylene glycol monomethyl ether,
diethylene glycol monoethyl ether, propylene glycol methyl
ether acetate, propylene glycol propyl ether acetate, ethyl
lactate, methyl ethyl ketone, cyclohexane, ethyl 2-
dihydroxypropionate, ethyl 2~-hydroxy-2-methylpropionate, and

35 EL-BA (ethyl lactate/n-butyl acetate).
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a uni que section without tailling or necking. At too |low a degree of
substitution, on the other hand, the resist conposi tion becones
-insufficient in terns of plating resi stance. 5 ~In the practice
of the present invention, the novol ak resin having a relatively | ow
wei ght - aver age nol ecul ar wei ght when cal cul ated as polystyrene is
used. Nonethe-less, it is possible to forma resist filmof excellent
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novol ak resi n dessiped ardener Ther tedudtidrs head poneies 24r hasoachtiage t he
sensitizer evestMittfireheckpyedBRobN13Rer thafidiastbe1hi 80! 45 1HRAAYeIng
The resi st Conpﬂsnlx tz'zc,’na?lc‘fr%u arg.ntgofg.tf:% gg,esa?rl:toil 24, an upper magnetic
pole 25 and a protective film 26 in the described order, with
20 the insulating films 22 and 23 functioning as gaps between
the magnetic poles.

Ceramics materials such as AlTiC are usually used for
the substrate 11. B

Preferably, the insulating film 12 has a thickness of

25 about 1 to about 20 £m and is formed of Al,03, SiO; or the
like by suitable means such as sputtering.

Preferably, the lower shielding film 13 has a thickness
of about 0.1 to about 5 um and is formed of FeAlSi, NiFe,
CoFe, CoFeNi, FeN, FeZrN, FeTaN, CoZrNb, CoZrTa or the like

30 Dby suitable means such as sputtering or plating.

Preferably, the insulating f£ilm 14 has a thickness of
about 100 to 2,000 A and is formed of Al;03, SiO; or the like
by suitable means such as sputtering.

The MR £ilm 15 may be formed of one single magnetic

35 layer. However, it is usually preferable to use for this film
a multilayer structure comprising a magnetic layer and a non-
magnetic layer. For instance, it is preferred that the



invention is of consistent quality stability because it is a

one- conponent resi st conposition wherein the sensitizer forns part of
-the novolak resin that is a structural conponent of the resist film In
ot her words, the quality stability of this resist conposition is not
affected by variations in the 5 blend ratio of the novol ak resin and
sensitizer during pr eparati on. I eparation of Resist Conposition

The novol ak r emighe@fcf mayrbul- dd Eorfiad b€ mtrfeé}i NeEehN, Femcormmt | eBal Fe,
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oxalic acid, 30, and especially 1 to 20. Preferably, the overall thickness
of the MR film is 50 to 1,000 A, and especially 100 to 600 A.
Preferably, the MR film is formed by suitable means such as
15 sputtering, and plating.

Preferably, the MR lead film 16 has a thickness of'iOO
to 5,000 A, especially about 500 to about 3,000 A and is
formed of W, Cu, Au, Ag, Ta, Mo, CoPt or the like by suitable
means such as sputtering or plating.

20 Preferably, the insulating film 17 has a thickness of 50
to 5,000 A, especially 100 to 2,000 A and is formed of A1203,
Si0O2 or the like by suitable means such as sputtering. .

Each of the films forming the MR head portion may be

patterned by an ordinary lift-off technique using a resist
25 pattern and/or a milling patterning technique.

The lower and upper magnet poles 21 and 25 in the
induction head portion 20 are each constructed of soft
magnetic material such as NiFe, CoFe, and CoFeNi. The lower
magnetic pole is of about 0.5 to about 4 um in thickness, and

30 the upper magnetic pole is of about 3 to about 5 gm in
thickness. In the embodiment shown, the lower magnetic pole
21 also acts as a magnetic shielding film for ﬁhe MR £ilm,
and so is wider than the upper magnetic pole 25. The lower
magnetic pole may be formed by suitable means such as plating,

35 and sputtering. In the practice of the present invention,
however, the upper magnetic should be formed by the frame
plating technique It is noted that each magnetic pole is



acetic acid, and form c acid. However, hydrochloric acid, nitric acid,
and sulfuric acid may be used as well. Wiile a hydr ophi li ¢ sol vent such
~as nethanol or dioxane is used for a reaction solvent, it is preferable
to carry out 30 polycondensation at a tenperature of 50 to 150[err]C.
After the conpl etion of the polycongensation, it is preferable to
renove unreacted materials with the catal yst by stripping the reaction

pr oduct unde&cpaeluregzq&l S ar exﬁtpéﬁﬁdrp 02159.[ QE.&&Qap;Sstte lt\Aa&hin@@:.Gﬁﬁ‘e .
reaction prodygh & e i_ng a_solvent _such as .
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pressure at 1§8rf:b°125‘€fffé?1rgjueus| Rhergtp V\Bﬁt 1s also noted that the tip and

12 t he noyokakpbtsidnsifaeardsmiyo fidideRl @SRt an I’},_\{—ftryglzgljl_ eSrm of

obt ai ned. atin P’#‘% e Nt %3|zed novol ak re lp art_ of

hydr ogen at onE TR e FoxyT groups FES sRBE T &8V 15%9"“ ately made
napht hoqui noné’&FﬁzFﬂ%’Eﬁ‘?% YRR UfrAmeEhe When cﬁnqimﬁséaaateleplatmgorrpound
used for the ifrtumesusie amed, stChedtOURR plQking £ %%efokﬂﬁ.kgd@ne

1, 2- napht hoqui.agn Ifon| .aci_d

1, 2- napht hoqu:tgg éﬁ#ﬁ%’ﬁ%é tﬁg Jé"cP&l?sFE?u'{g Be %FF‘FQI igsterification
by the 1, 2- quPREAEERRGS déltéloﬁbemmlasmt i@wvebeicmrri ed out according to
ordinary mmnners. It is prefelHB1&eehdst dHEn%Eéhﬁﬁeﬂm%QQQ&gbaghgg Lhe present

and sur face. aSrroshgks 0 Belle (0002 W BR0uE, Hep . chasiitsiatinarReln
surfactant uséd, brerd|Heickness o \akmt] 3 tooa.’neut:l%ﬂ ympdared ssHeur ol ard
FC- 430 and FCpéaﬁeétEﬁhfﬂiﬂm 26 has a thickness of about 5 to about 50 um.
It is noted that the thickness of the insulating film 23 is
15 equal to the height of a step over which the upper magnetic
pole 25 strides. Preferably, the insulating film 22 and
protective film 26 are formed of Al;03, SiOz or the like by
suitable means such as sputtering. Preferably, the insulating
film 23 is formed by heat curing photoresist material.
20 The coil 24 is constructed of electroconductive material
such as Cu. Preferably, the coil has a thickness of about 2
to about 5 um and is formed by the frame plating technlque
ormation of Ma tic Pole bv the Frame Plating Tec e

How to form the magnetic pole by the frame platlng -

25 technique is explained with reference to the formation of the
upper magnetic pole 25 shown in Figure 1, for instance.

_As depicted in Figure 2 A, a seed film 3 is formed on
the coil 24-surrounding insulating film 23 which has already
been formed. The seed film acts as an electroconductive

30 undercoat for electroplating. The seed film may be
constructed of NiFe, CoFe, CoFeNi or the like. However, it is
preferable to construct the seed film of the same material of
which the magnetic pole is formed. The seed fiilm may be
formed by suitable means such as sputtering, and evaporation.

35S The ;hielding film has a thickness of about 0.0l to about 0.1
um.



Sumtonmo 3M. The anount of such a surfactant used is preferably up to
2 parts by weight per 100 parts by wei ght of the novol ak resin with
"1, 2- napht hoqui nonedi azi dosul f onyl groups introduced in it. 20 In
the practice of the present invention, the resist conposition is
prepared by dissolving the novol ak resjign with

1, 2- napht hoqui nonedi azi dosul fonyl groups introduced therein in a
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head portion. A typhéatesist @@RBbEHEELPhUrkER M, | G g0Posi te head
i's explained invention, because of being excellent in the thickness

15 traceability as mentioned above, enables the thickness of the
resist f£ilm 41 on the insulating £ilm 23 to be about 30 to
about 50% of that in the vicinity of the gap. Thus, the
resist film 41 on the insulating film .23 is thick enough to
prevent the yoke portion of the magnetic pole from

20 overhanging the plating frame. Referring here to a
conventional resist composition, especially a two-component
resist composition wherein a novolak resin is separate from a
sensitizer, the thickness of the resist film 41 differs
largely between on the insulating film 22 (the vicinity 6f

25 the gap adjacent to the lower portion of the step) and on the
insulating film 23 (on the step), as can be seen from Figures
2 B and 2 C, because it is poor in the thickness traceability.
Specifically, when the conventional resist composition is
used, the overhanging phenomenon - wherein the plated f£ilm

30 goes over the plating frame on the insulating £ilm 23) - is
unavoidable because the thickness of resist film 41 on the
insulating film 23 is merely at most about 5% of that in the
vicinity of the gap.

Then, the resist film is patterned to form a plating

35 framg corresponding to the shape of the upper magnetic pole.
At tHe patterning Step, the resist film is exposed to light
through a mask pattern, and then subjected to post-exposure



as an exanple of the induction thin filmnmagnetic head. One

enbodi nrent of the MR induction conposite head is illustrated in Figure
1. This conposite head has a stack 10 structure wherein an induction head
portion 20 is integrally stacked on an MR head portion 10. In the MR
head portion 10, an insulating filyp 12, a lower shielding film 13, an
insulating film214, an MR (nmagnetoresistance) film 15, an M lead film

(tel eEt ' ode fl%gslbawng.tae\ié&ﬁmédﬂ ahé ﬁ{i&@sﬁﬁ,éégd Bgé‘é-a&é_ercﬂn{deﬁ'tg-Zaﬁixﬁg g
stacked on a e 1dei escri.bed order. e induction hea
portion 20 has a g't%g%ﬁg,}f %‘i‘{}%teaf 22 oMhrihS 5§58 YHuRrt i fRHFERHRT 021,
an insul ati ng® TeSEsEnfdim coporisinegt amprdinary3positiord xdEisan upper
magnet i c edpesbe andl eraprioileet kxPs f 1149e26 155ht NSy ey IHRdn@EdLge i th
20 the i”§U|%LEQ95fiLﬂ§c%§?ﬁ“ﬂ% 23 fu ctionig% as g%%?, et ween t%e
magnetic poles. .~ ' Fam eES BRI &6hdk 'igh%ae UEMEYSE rused
for t he sdfsfFagengyally preferable efernae yi-lihe light aldfngebi i 12 has
a thickness ofwav2lenfth}, lgl1@3nabouthR0(dEry Ngad d Si
or the i liﬁ'gm ayj:#labljge. _ﬁ.eans gu%h(éf ?ﬂ%ﬁeﬁ?ﬁ%éﬁ% ' %Edéé’]rg%?der ably,
the | ower shiérding rrinm 13 Has<athi Kb LFoadbaRg Tk oPreferabiaut o
[err]m and i s SFBPABYS oY Sepehfifeg on theoEgpe Cofeddpostald skePedl af@e TaN,

CoZr No, Codr Taher watreléhdteh ForhYeSyf t SR UIRANSSBUC S%O&hgkeri ng or
' ' f'?m 14 has a thi ckness of

Bbout 100 10 SE5IBALEHS SCaFbte  KeRGEFHelby 1§e BPEFeFPoBITa e | | ke
by suitabl e mPaKsnguéh earBindg cukiag.80 to 1207C fHre 30Rcbi 800 ISedmmdshe
formed of oneThiengbeelBsetised3herbtfY e for HAWRYRLe, | inditidesuah! X1 { g abl e
to use for th'a@;,rlébl.@ sol taJ._orruIshl gager structure conprising a nmagnetic 1ayer
and a non- gnet T ¢ 1ayar SUEBr F R tharkCe 3% faReoysd @t A&t t he
15 phosphate (NanH3-nPO4), and an aqueous solution of TMAH
(tetramethylammonium hydroxide) . Preferably, developmeﬁﬁ
occurs at about room temperature (20-25C) for about 60 to
about 600 seconds. Preferably, rinsing is carried out at
about room temperature (20-2573) for about 10 to ‘about 180
20 seconds, using ultrapure water.
Figure 3 A is an end schematic of a plating frame 42
formed by the patterning of the resist film. The plating
frame 42 is formed on a seed film 3. This end schematic Shows
the end of the plating frame 42 located in the vicinity df
25 the lower portion of the step formed by the insulating film
23 shown in Figure 2 A (a region where the tip portion of the
magnetic pole is formed), with a cut surface perpendicular to
the drawing sheet.
After the plating frame has been formed, electroplating
30 1is used to form a magnetic film S1 formed of the material of
which the upper magnetic is constructed, as depicted in
Figure 3 B. Then, the plating frame 42 is removed as by a
solvent, and the seed film 3 located underneath the plating
frame is removed as by chemical etching. -Then, a protective
35 res;st film 43 is formed over a space where the plating frame
was once located and a portion of a magnetic f£ilm 51
commensurate with the upper magnetic pole, as depicted in



14 magnetic |ayer be formed of NiFe, NiFeRh, FeMh, Ni M, Co, Fe,

Ni O or NiFeCr while the non-magnetic layer is fornmed of Ta, Cu or Ag.
"For the aforesaid nmultilayer structure, it is preferable to use a

three-layer structure such as 5 N FeRh/Ta/N Fe, and a multilayer

structure conprising units, each cegtaining plural |ayers such as

Ni Fe/ Cu/ N Fe/ Fewn, Ni Fe/ Cu/ Co/ Feivn, Cu/ Co/ Cu/ N Fe, Fe/Cr, Co/Cu, and

Co/ Ag. Pr &fignadl ¥ ¢n Shbseqaselvi hannﬁﬂﬂi@&éé‘salx@ygbrha@naoﬁ I‘&;—gg(ness

of 5 to 500 d d o} QVEr has a
t hi ckness of Azga?%@@fé ahﬂn ]SQ %ﬁ%?fl—? %(?%Q f%gﬁ %focwgpéfﬁﬁf Ride nunber
of repeated sPFECTEHIA® rﬁst i S ?“’t‘@l etchdngange e@p?é‘maappytionooﬁcxhe

Preferably, ttneg'netexcalfﬂnmaokaee& in a @kglibg &Bréi-édnwl%l'ﬁ@héopéo@é@cﬁe and

especi al | y5 100e595608; iy 43 rex'r:g.ﬁ{ :I%R‘.ta.%’t tk%elnwa.ly, ﬁhlﬁfg;%ﬁg%gr?.v%/ﬂs?glltﬁ%bl €

means such as_]l Efu“er' ng, og
lead film 16 A&E™ h%%ﬁ?gegeéfaadw a soflyeBtObo Jktadspecpakdgtabmineds00 to

about 3,000 Afamd ¢% uppex oagmetid pileCas AY, ddEictkd ﬁ{bm&QPé prpthe like

by suitable meaps; $ S t I_n | at Preferably,
the insulati ngrfl | m ,ll7 Egg:eg ttﬁ%)%lkéné{ses 1h 559 Eght? OSOBA @%pem ally 100

to 2,000 A anH*PEFLivRFesish ek mevebe] formed Sligmatdyt he théeplytisi t abl e
means suchd a;fspmetmnmgzt removal of E&%hpﬂlétiiil%‘ ffé].cn?és 4ORAlNg S5 I3 head
portion may 4 an.ord t-of f technj que using a
resist 25 patgtfetr:%egsfléd%%rﬂggmg)l cate g?%?ﬁﬁ R i [Rethis case, appe

| ower and uppBFRERFRATHhECESion Cafndﬂ’@Sm{agnehec £iln fduenfioa pesttiqordd on 20

are each consthecsest ofilzofit locaté&%@%hﬁe&@l&eﬂ: %reSlf(iQsésré[hg a Cokgenand
o e ar P L IR0 05 0ts B0 Ly b0 il 2l
in * PFbknbesated 30 <e A oRfF ererrmosiedun fol hewddmr remgwel i of pol e
portion of the seed film located underneath the plating ‘frame.
EXAMPLE
Plating frame samples shown in Table 1 were prepared in
the following procedure.
20 _ Novolak resins having weight-average molecular weights
(Mw) shown in Table 1 were first obtained using m-cresol and
ol cresol as phenols and formaldehyde as aldehydes at varylng
ratios.
Then, a part of hydrogen atoms in the hydroxyl groupé of
25 these novolak resins was substituted by 1,2-naphthoquinone-
diazidosulfonyl groups to obtain substituted novolak resins.
For the introduction of the l,2—naphthoquinonediazidosulfonyi
groups, 1,2-naphthoquinonediazido-5-sulfonic acid chloride
was used. The degree of esterification of these substituted
30 novolak resins are indicated in Table 1.
Each of these substituted novolak resins was dissolved
in ECA to obtain a resist composition.
These resist compositions were used to form plating
frames on plane substrates formed of Si. In the first place,
35 each resist composition was coated on the plane substrate by
means of spin coating, and prebaked at 90C for 90 seconds to
form a resist film of 5 um in thickness thereon. Then, the



21 also acts as a magnetic shielding filmfor the MRfilm and so is

wi der than the upper nmagnetic pole 25. The | ower magneti c pole may be
~fornmed by suitable nmeans such as plating, 35 and sputtering. 1In the
practice of the present invention, however, the upper magnetic should
be fornmed by the frame plating technique It is noted that each nagnetic
pole is 19 15 constructed of a
tip portion oresiskdéibppeoss texpbeed t®diline lighthehtdidh i dasef the

conposi te heagagfavh) apd ﬂ'ta‘é’lédﬁaé@é&% used lerg%lg argnL %%E; ]E g et

Is also noted t rfhrri ﬁhe ti
an integral of t5trifpsé"t’1%n9ra%tl°%\ﬁ§vér#m Hos widbht wens nay be
separ ately nadétematalymmm@hateleﬂlaélmg rf@msefv\bf_ghts%g& gpar ate

pl ati ng r t ot Iatln fra for ormn t he
tip portlon O%B?Egéﬁggﬁfeﬁggpo J"reﬁi?tl:%l %gt reﬁ’?(ﬁ’ Mpe, ea"c%%‘rsd'aé-mvmth

the present i HFEnfrBReches to P°Str€xﬁ><sslmeeﬂ0@kab§eat htt0°ChEot N3l seddorgisf,i | m
22 has a dneheabmemtpfrmaug oa@a ;sdzsta.lag%lg ,§e,[\@rga] d. he%ﬁ%wul ating
film 23 Ig@ge@o% q_@&f] a% to about 2 i an
protective film 26 a thic nesso aar%’lftug 15821 ] ifhrough | t
i s noted that *PReSERPE KiEE oprdt ABoYeis herienyaki bint&hdds ali:laedmgl £t&md he
hei ght ofl@ stseppdeewheis c&lnﬁhelplpj_)@{ &ﬂw%gve ll]@|s?p% Stridg

m

Preferably, t m.22.-an rotective 26 are forrred of
A1203, Si & o?%trﬁgﬁ#ﬁﬁd gt e SOFEAET @548 &Béﬁr%%e'sﬁﬁrﬁeﬁrﬁgnged
Preferably, tR&FRAS ﬁ:f-a?f’r% one appther3 s forrred by heat curing phot oresi st
material . 20 A Fhemtiid eaéctsoﬁmi ?;@ phsehscd rQeapguct i ve
mat eri al HEInas: A o 1S Eé@k%énéf“%hggé ) ghéigggéésnigsegghabOUt 2
15 sample and measure the openlng and bottom widths of each
space.

Each sample was heated at 130C for 30 minutes to make
estimation of its heat resistance by observing the sectional
shape of spaces in each sample upon heated. The plating frame

20 is required to have some heat resistance because it is often
heat treated at about 130T prior to plating so as to improve
its adhesion to the undercoat. When the plating frame is of
low heat resistance, it is impossible. to obtain the de51red

form of magnetic pole because it is deformed upon such heat
25 treatment.

These results are set out in Table 1.



to about 5 [err]mand is formed by the frame plating technique.

Formati on of Magnetic Pole by the Frame Plating Techni aue How t o
"formthe magnetic pole by the frane plating 25 technique is explained with
reference to the formation of the upper magnetic pole 25 shown in
Figure 1, for instance. As d% icted in Figure 2 A, a seed film3
Is fornmed on the coil 24-surroundi ‘8 insulating film 23 which has

al r eady been formed. The seed fil magbbe as an el ectroconductive 30
undercoat for electroplating. The seed film may Isectioncensépasd ed of

Ni Fe, CoFe, CoFeN or the |i Keegrdewefer, it isoOpenipgefBetabhe to construct
the seed fil mS@FPLRe saM¥ nategtiexifitation whi cwitlhe maghdthc pHda i s
formed. The s&@dfilmuay he (%) f8hape by sujtéibl e nedh® suclresistance
sputtering, and(eempojatiooor 37 Thecrbhg! ding fijen hag 3ot hi gkpgss of

about 0.01 to,about O. 125000 [ r7r]m )

16 hen, a résrst fi'l m 92°fs formed dn%%he e84 Flighsly gooding

the aforesai d3resist coAf®8itildn. Boedthis purpdsé5 tha.00 remict
conposition i first cogbed bu7spi goggating or gp{gy 1 pgoatifigg For spray

coating, r iznstance, LLhahS RLeferable tq..5 ke use_of an electrostatic

spray tec%ﬁi ql?e as set ?é??h i sglgﬁ‘?’-%’%‘-l?fgggizﬁsmeﬂ;lﬁrebaﬁ&"ﬁ’g is

carried out f& (GPPPnY. 8000* TH{7s ptebdkimy may beS%arriledoout gdodabout 80

to about 120[ errf6mp.) flovo@bayt 3Qa%91 Ahput 309_§@con@s.80Upor§°%r baked,
e

t he resi st foaly ,4g a thickness of" 4 to 10 _[err]mand preterably 4
to 8 10 [err]r%ég Ba u?ggoi nt]‘t%ﬁe \9?‘&?411"3%/ of the’Yap tnifhe rEE . e,
at a positionZf the sed80¢| H23slhglortadilingt b.3he 1.05 good
15 10 4500 16 good 1.05 1.00 good

11 4500 18 good .05 1.00 good

12 4500 22 slight necking .20 1.15 good '’

13 (Comp.) 4500 25* necking .30 1.20 good

* indicates departures from the range defined herein.

20 Mw represents weight-average molecular weight when calculated
as polystyrene.

—
-

H BB

The results shown in Table 1 clarify the advantages of
the present invention over the prior art. That is, when the
25 resist compositions with their molecular weight Mw and dégree-
of substitution lying within the ranges defined herein are
used, there are obtained spaces that are substantially free
from shape defects with their opening width substantially
equal to their bottom width. There is also obtained good heat
30 resistance. However, when resist compositions with their
molecular weight Mw and degree of substitution deviating from
the ranges defined herein are used, it is likely that spaces
having shape defects such as tailling or necking in section
are obtained with their opening width differing largely from
35 their bottom width. Scanning electron microphotographs of
sample No. 3 according to the present invention, sample No. 8
having a tailling defect and sample No. 13 having a necking



I nsul ati ng film22. The resi st conposition according to the

pr esent i nvention, because of being excellent in the thickness 15
“traceability as nentioned above, enables the thickness of the resi st
film4l on the insulating film23 to be about 30 to about 50% of that
in the vicinity of the gap. Thus, the 21 resist film41l on the insulating
film23 is thick enough to prevent the yoke portion of the magnetic
pole from 20 deferhaageng:tidithed AbloE firmMhe RBLAM 6F N A 140 8 and s,
conventional resist.¢QEpEsition, especially a two-conponent resi st
conposition wherein a novolak resin is separate froma sensitizer, the

thi ckness of the r ¥SiBE FR¢ Feslsg pompesition fogebombbe Vien oandhe mask
insul ating fi lpat2arht bempiidimigt ¥ . 0f 120 witlhe10gR: agtAaak th gt BErt DYES
portion ofsth%matgpb_%gg“agetgf e o|nsulat|gg f|In12%§&8n ?he step),_as
can be seen from Fi qures PoRPSUE PREEIRY i3 RISYHHEr frame ef 'S
t hi ckness tradeBbipiRgight wagpprepdnsd.  yA semmiriee edenveani onal resi st
conposi tion i sicrophsedgrdgte &Vehbéf‘@ié&@mngﬁmlé’v@% ea't% thggp! ated
film30 goeshgxégq:ot$§ pinL{r} n% frg’rre on hehL nsul atll ng film -is
unavoi dabl e because the thrckness or Pasfsthtf| FA%Rn SPRE®S ©fj nsul at.i ng
film23 is neFeRyiteRbsthansoaresoboviindthtas int hbe casesiaf miamplefl Nbhes gap.
Then, the:ldp esi st fhbmhst@@tcfca%{enQQ LOcH Qiﬂ’ntﬁae?!ﬁb;‘:@iga?é s&ﬁ%”é%t,hglating
ot erhong. o0 Sl b IR SR ROL e g 22
pattern, and tReheighfcRreProyigedtomipesimstrate. It was found that the
17 baki ngangeechopsRlinARe £hdShrlberANd 1RASE SO VAl QURAY REKEQne
thickness traceability as can be seen from a height of about
15 2.8 pum on the step and a height of about 6.0 um in the
vicinity of the gap adjacent to the step. .“
Using the resist composition for sample No. 3 shown in
Table 1, a thin film magnetic head was prepared. The plating
frame corresponding to the tip portion of the upper magnetic
20 pole was 6 um in height, a space width was 1.8 um, and a
portion of the plating film corresponding to that tip portion
was 4 um in thickness. As a result, the upper magnetic pole
in the thin film magnetic head had a length of about 3.5 ﬂnn
A section of the tip portion of the upper magnetic pole in
25 the thin film magnetic head took a rectangular shape
conforming to the sectional shape of the spaces in the
plating frame. In a thin film magnetic head prepared in the
Same manner as mentioned above with the exception that the
resist composition for sample No. 8 was used, however, a
30 section of the tip portion of the upper magnetic pole took an
inverted trapezoidal shape as in the case of the spaces shown
in Figure 5. A magnetic pole arrangement of such an inverted
trapezoidal shape in section with the gap side undermost is
poor in write efficiency. In a thin film magnetic head
35 prepared in the same manner as mentioned above with the
exception that the resist composition for sample No. 13 was

used, sections of the tip portion of the upper magnetic pole



for dryihg if required, as is the case with the patterning of a resist

filmconprising an ordinary positive resist. For exposure, ultraviol et
“rays, laser light such as excinmer laser, 5 X-rays, electron beans and so

on are all avail able. However, it is generally preferable to use

i-line light (of 365 nm wavel engt hya g-line light (of 436 nm

wavel engt h), broadband light with an.i-line cut, and broadband |ight.

Preferabl e exposure varies depending on the type of exposure system

and 10 the wavelength profile of exposure light, and so may

optionally bewdﬁéeiﬁtéﬂﬁhsd@h@fQhabhapeth%e@@§én£ﬁﬂﬂﬁ&k& of thQaEbQQEé$u1
carried out a? C f.or seco . The _devel oper

used herein, %an , |ncPu8%st%u#3ﬂW< engpper m%ﬁﬁﬁﬁﬁﬁ;Bﬁ&FufPon such
as alto 3% &aaéomg%%'%m ihggadohad sneqitigup Ifefect sams eanr [benREeer €kpm and an

aqueous sol ut Fagusé §MAIBuch ne¢kild EFysalEPEi £60HY YO XedRhae PisTSE abl y,

devel opne it t e erature ( ) for about
50 to S apgipeshbetitied Whte  BOMAC TR e (BlR etﬁlsﬁms
about room t eApELRELPR IR RixShubPley. fatic.abBhis 1@naarzsb¢mt béBEhQOle&Em‘yﬁds
usi ng ul trapueceusat ef. lnconslstentFﬁéﬁﬁibﬁ% %f‘%hé”méﬁﬁéé¥31 f I <??

t. film The

pl ati ng franme atter he resjs :
pl ating lﬁgoni55ééﬁéna n@é 43 q%lg %h?%??ﬁﬂPQihﬁé%&FVc shows
the end of th@abﬁa%Fnﬁﬁﬁﬁ%ﬂﬁét42°Im@&ﬁfnrqdmc@hmagnetxntgpkﬂb 2avihge | over

portion oiotheoﬁkegtémmrﬁabdatlbhgrb 1 Jdng film 23 shown in Figure 2

A (a region where & I£0 net le.is fornmed), with
a cut surface pergenglcdﬁér tnd ?EPYﬁzﬁﬁ%ﬂ? gﬁeﬁiarfg) the advaptageghe
pl ating frame®hak Bé%?ﬁ#?ﬂQHaﬁveéFegmroplatlng 30 is used to forma
magnetic film51 formed of the material of whi ch the upper nmagnetic is
constructed, as depicted in Figure 3 B. Then, the plating frane 42 is
renoved as by a solvent, and the seed film 3 | ocated underneath the

pl ati ng frame is renoved as by chem cal etching. Then, a protective 35
resist film43 is fornmed over a space where the plating frame ‘was once
| ocated and a portion of a nmagnetic filmb51 commensurate with the upper
magneti c pole, as depicted in



18 Fi gure 3 C. Subsequently, an unnecessary portion of the

magnetic filmb51 and the seed film 3 |ocated underneath it are renoved
~as by chem cal etching, so that a portion of the . ..magnetic film]located
in a region covered with the protective 5reS| S intact.
Finally, the protective resist filb;p 43 is M‘r \“lmmwol vent to
obtain a predeterm ned form of upper nagne 5 d&s tepicted in

Figure 3 D. wuar 1s chhrMgpngi.ed that after the step of Fig. 3 B, the
protective resist filmmy be fornmed directly on the plating 10 frame

wi t hout renoval of the plating.frame 42 and a portion of the seed film
3 located under neatlh i tA methodi Sorafabrimating aumageetisamplsoini antbint he

magnetic fi I mﬁllnaaﬁgaeeaeth@aa QJy 2 fraﬁ@epls@ﬁdng lt@&}él&@&atmeﬂamer neat h

it are fir renoved. he platin fra ortlo of the
protective re5| st & Irrﬁsi'gt F%‘B%?séd"lé’ﬁox’ré F? Edp Bﬂl%v%f"ﬁy
renoval of a inclpwiinigorm spatdhchasded &i Smtmatosfdupnderzleamhlphwxqit}atam@
frane. at least 4 gm in depth, sai@@MBLiEc com;f:os:.tch.l @Bhegiﬁﬁﬁ’g?a
ure. 20

sanpl es shown in Tabl e prepared.in roce

Novol ak resi ns*h H%f%ﬁ%&eaﬁﬂlﬁcﬁ%l%eﬁhﬁsmw aqf MHShown i n
Table 1 were f¢b®tlrx§9’t @ynedbsmmglmcaehmr@gﬁh atom pacaesyiragslpherabs and
formal dehyde afm & dpRwdes ﬁési’r@rdﬂmﬂﬁls:.?g é@ti t one recurridiffimid part of

hydrogen atons_in the hydrox ese novol ak resins was
substituted byFPESFRNTEh g }\{]?'ﬁ)%é’%' Lowing; 5%’?‘&}{)]5"‘}1 3Ryl groups to obtain
substituted novol ak resins. For bh(-F i ntroduction of the

1, 2- napht hoqui nonedi azi dosul f ofiyl 2\
15 ) 5\\%‘ CHZ
n
=~ (CHga)m -
wherein n is an integer of 1 to 4 and m is an integer of 0 to
3, and having a weight average molecular weight of 2,000 to

20 6,000 calculated as polystyrene by 0.12 to 0.22 moles per
hydrogen atom of a 1,2-naphthoquinonediazidosulfonyl group.

2. The fabrication method of claim 1, wherein said'
space has a sectional depth of up to 10 um.



groups, 1,2;naphthoquinonediazido-5-su|fonic acid chloride was used.
The degree of esterification of these substituted 30 novolak resins are

indicated in Table 1. Each of these substituted novol ak resins was
di ssol ved in ECA to obtain a resist conposition. These resi st
conpositions were used to form pl at| ng frames on pl ane substrates
formed of Si. In the first place, eac‘h resi st conposition was coated on
t he pl ane substrate by nmeans of Spl ABRTRAGThg, and prebaked at 90[err]C
for 90 seconds to forma resist filmof 5 [err]min thickness thereon.
Then, the resist filmwas

exposed toi-line light througftuIOD ﬁgp‘ FORMINGpﬂAtGgFE}C?T%%LFrﬁask pattern used
was an array where a belt f or mIN THINfFILMIMAGNERRSNHEADSIg portions of 1
[err]min width were alternately arranged vvlth a belt formof |ight

opaque 5 portiong e WI dt. ter osur the resi st film
was subjected to %?jegéﬁésééﬁé f’ 1987 e Sag

of 8
devel opnent, ri NI, RJISPRR] haskiag oénéﬁ?tiﬂkﬁéupThe 2 u-m(jenewggeh asckd
was a 2. 38% acguedesssoluuinoinoleFtiH. Th-EhE:QHSJQt comﬁdé&t&bﬁpéoﬂggiﬂé)rl%d

b h mul | f
Sr g\eSe |tl E;es\gigg%%ﬂﬁgl&fé aﬁtésrlgngflsn% %ﬁnﬁlh z?ﬁr ?axa%v%fa t?ee}slsﬁg’olsflr;%/eo

were arranged °Ptaingdy By| 8pbsiituting anbyéeegen atom in ahwdemnilngrelpct r on
M croscope wasirusedovolaRkeesin RfpriBihgna®flddie saet LopatrShpRG the
spaces in each.gye3amRky gydtﬂ’ga%&&gwg_ﬁg £pening qnd bottom widt hs of each

space.

10 OH .
15 (CHa)m -4 °

wherein n is an integer of 1 to 4 and m is an integer of 0 to
3, and having a weight average molecular weight of 2,000 to
6,000 .calculated as polystyrene by 0.12 to 0.22 moles per

20 hydrogen atom of a 1,2-naphthoquinonediazidosulfonyl group.



Each sanble was heated at 130[err]C for 30 m nutes to nmake estimation

of .i.ts heat resistance by observing the sectional shape of spaces in
“each sanpl e upon heated. The plating frame 20 is required to have sone heat
resi stance because it is often heat treated at about 130[err]C prior to
plating so as to inprove Its adhesion to the undercoat. \Wen the
plating frame is of | ow heat resistapnce, it is inpossible to obtain the
desired form of nmagnetic pole becauSe it is deforned upon such heat 25
treat ment. These results are set out in Table 1.
20 Table 1
Section of space - Degr ee of Openi ng Bottom
Sanpl e Mv esterification wi dt h wi dt h Heat 5 No.
(% Shape [err]m [err]m resi stance 1 (Conp.) 1000%*
17 necki ng 1.20 1.10 poor 2 2000 17 good
1.05 1.00 Slightly good<N @Qva‘.’\_gi@e&‘— 17 good 1.05
1.00 good 4 : 5000 7 000G 37 1.10 1.00 good
10 5 6000 "1 ' o 1.10 good 6
(Conp.) 8000* 17 taijfN . good 7 (Comp.)
10000* 17 tailling 8 (Conp.) 4500 10*
tailling 1.50 4500 12 slight tailling
1.30 1.05 good 15 ood 1.05 1.00
good 11 45 . 05 1.00 good
N
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12 ' 4500 22 slight necking 1.20  1.15  good 13

{ Conp. ) 4500 25* necki ng 1.30 1.20 good * i ndicates
departures fromthe range defined herein. 20 Mwv represents wei ght-average
nol ecul ar wei ght when cal cul at ed as pol ystyrene. ' The
results shown in Table 1 clarify the advantages of t he present

I nvention over the prior art. That is, n the 25 resist conpositions
with their nolecular weight Merr] and /gree of substitution |ying

wi thin the ranges defined herein are used, there are obtained spaces
that are substantially free from shapeqflefects with their opening w dth
substantially equal to-their bottomw dth. There is al so obtai ned good

heat 30 resistance. However, when resist conpositions with 3 heir

nol ecul ar weight Merr] and degree of gsaBSAA LN dEi/atiAg from t he
/@ﬁﬁ{;ﬁ: havi ng shape

ranges defi felCGheBeih are used, it i

defects such as tailling or necking R :’;j“ i“‘s"‘?‘i ained with their
/ 5),%// 3 2ganni ng

opening width differing largely f ;
%2 g t0 the present

el ectron m crophot ogr aph NS4 R
i nvention, sanple No. 8 Y% @ﬁ'&\‘ ‘\\5 i 5 No. 13 -
)/,;}/\ N 4 defect are

/
7o

havi ng a necki ng
attached hereto in the f espectively.
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5 and 0.8-[err]mw de |ight opaque portions, a plating frame.of 5
ferr]min height was prepared. A scanning el ectron m cr ophot ogr aph of
“this plating frane sanple is attached hereto as Figure 7. Even with
this sanple, spaces of consi stent shape are obtained as in the case of
sanple No. 3. 10 As in the case of each of the aforesaid sanples,

pl ati ng frames were prepared with 3/ge exception that a step of 12
[err]m in height was provided on a substrate. It was found that the
sanpl e according to the present invention is excellent in the

t hi ckness traceability as can be seen froma height of about 15 2.8 [err]m
on the step and a hei ght of about 420 [err] min42he vicinity of the gap
adj acent to the step. Usf ng the resisy conmposition for sanple No.
3 shown in Table 1, a thin fiI nagnetic hepd was prepared. The plating
frame correp@AdiBgAto the tip on of ther magnetic 20 pole was 6
[err]min height, a space mﬁdt 1.8 [err ' nd a portion of the
plating film correspondi ng to |p porti was 4 [errmin

t hi ckness. As a result, . ihe7tdin film
magneti c head had a Ieng 2 . ction of the tip
portion of the upper nmagnetic pole in 25 ntnagnetic head t ook

a rectangul ar shape conformng to the' sectional shape of the spaces in
t he plating frane. In a thin filmn#&gnetic head prepared in the
sanme manner as nentioned above with the exceptlon that t he resi st

conposi tion for sanple No. 8 gyas d, hguever,

portion of magnet i ¢ pol
as in the cEggaoggt e spaces sha

arrangenent of such an ig ”% “\\\;%

gap side undernost is % ‘4
head 35 prepared in the\ssRs D054
\ ““"ﬁ{-)\{u\\\\\\' “S}'\%‘\({: t\\\u\w TSR

exception that the reS|s“ja§‘
sections of the tip port

section of the tip
'nver@éd t rapezoi dal shape
N magnetic pole
: section with the
a thin filmmagnetic
mﬁthathe

used,
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22 ~ were inconsistent in shape. Sectional shapes of the spaces in
the.plating frane used to formthe upper magnetic pole in this magnetic
“head had necking defects as can be seen from Figure 6. Such necking
defects were found to be made up of 5 fine asperities which hardly
received a plating filmwth the I nclusion of air bubbles, etc. This
appears to be the |eading cause of 4Mconsistent sections of the
magneti c pol e. Such i nconsi stent shapes, because of |ack of
reproducibillity, make it difficult to nmass-produce magnetic pol-es
havi ng 10 consi stent nmagnetic properties The results of the above
exanples clarify the advantages FP(30&4the present invention.

23 VWHAT IS CLAI MED | S: . A nmethod for fabricating a
magnetic pole in a thin filn1nagnet|c head by a franme plating
t echni que, wheferm:

tum




-5 a resist conposition is used to forma plating frame I ncl udi ng

-a space having a section of up to 2 [err]min width and at least 4
[err]min depth, said resist conposition containing as an
al kali -soluble resin and a sensitizer a novolak resin "~ obt ai ned by

substituting a hydrogen atomin a hydroxyl group 10 in a novolak resin
conprising at |east one recurring unit5/5. represented by the follow ng

formula (1): 15 [err] ~whereinnis °
an integer of 1 to 4 and mis an integer of 0 to 3, and having a wei ght
average nol ecul ar wei ght of 2,000 to 20 6,000 cal cul ated as pol ystyrene by
0.12 to 0.22 nol es per ‘hydr ogdm| @08 of a

1, 2- napht hoqui nonedi azi dosul f onyl group. 2. The fabrication

met hod of claim1l1l, wherein said space has a sectional depth of up to 10
[err]m

Tum
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