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i TITLE OF THE INVENTION

METHOD FOR FORMING A PHOTORESIST FILM

‘ *. BACKGROUND OF THE INVENTION

5 FIELD OF THE INVENTION

The present invention relates to a method for forming
a photoresist film., Preferable application of the method
for forming a photoresist f£ilm according to the present
invention is e.g. a magnetic head fabrication process.

10 DISCUSSION OF BACKGROUND

In a photolithographic process well-known as a high- -
accuracy pattern formation technique, after coating a
photoresist on a surface to be processed, a
photomechanical technique such as exposure and

15 development is used to subject the photoresist to
patterning and to obtain a patterned photoresist required
for processing, and then etching is made to obtain a
required fine shape. When the photoresist is coated, a
dip—-coating process, a spin-coating process and so on

20 have been utilized.

The conventional technique as stated above creates a
problem in that the photoresist film heaves at an edge
portion of the substrate to make film thickness uneven
because of adoption of the dip-coating process or the

25. spin-coating process as the photoresist coating process.
!g!ggggen film thickness lo rfgpﬁfterning accuracy in the
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photoresi st on a surface to be processed, a photonechanical technique such
as exposure and 15 devel opnent is used to subject the photoresist to
patternihg and to obtain a patterned photoresist required for processin

and then etching is made to obtain a required fine shape.’ i Sheet Bwnquhml
photoresist is coated, a dip-coating process, a spin-coati &ﬁlﬂ Iso
on 20 have been utilized. The conventi oraRk techni que as st ' -

creates a problemin that the photoresist filmheaves at an edge portion of
the substrate to make filmthi dpASERKVHY SHE INVENTION

It is an object of the present invention to provide a

method for producing a magnetic head, capable of
equalizing the £ilm thickness of a photoresist film on a

5 surface to be processed, and establishing the pattern
precision by use of the photoresist film with high
accuracy.

It is another object of the present invention to

provide a method for producing a magnetic head, capable

10 of not only equalizing the film thickness of a
photoresist film on a surface to be processed but also
forming a sufficient etching preventing film on a portion
which must not be processed.

The foregoing and other obiects of the present

15 invention have been attained by providing a method for
forming a photoresist f£ilm on a substrate, comprising
mounting a substrate on a supporting surface of a
supporter so that a stepped portion is produced between
the supporting surface and a top surface of the

20 substrate; coating a photoresist on the top surface and a
side surface of the substrate, the side surface showing |
up at the stepped portion; and then; blowing gas over the
photoresist on the top sﬁrface to make the photoresist
filmy.

25 Preferably, the method includes use of a gas supply
nozzle. The gas supply nozzle is scanned relatively with

ﬁrespect to the top surface of the substrate.



because of adoption of the dip-coating process or the 25 spin-coating
prqtess as the photoresist coating process. Uneven filn1thickness lLowers

patterning accuracy in the photolithographic process. F THE
INVENTION It is an object of the present invention to provide lmai
preduci ng a magneti c head, capable of equalizing the f|In1th| ﬂﬂ

photoresist filmon a -3 -

An example of the substrate includes a magnetic head
assemblage wherein a plurality of magnetic head elements
are arranged in a direction. The top surface of the
substrate is constituted by surfaces of the magnetic head

5 elements, which are used as medium opposing surfaces
respectively.

In accordance with the photoresist film forming
method of the present invention, after coating the
photoresist on the top surface of the substrate, the gas

10 1is blown over the photoresist on the top surface to make
the photoresist filmy. As a result, the photoresist
which has been coated on the top surface of the substrate
is drawn by the gas flow to form a photoresist film which

" has a thin and even film thickness over the entire top

15 surface of the substrate. This gives a basis which is
required to establish pattern precision by use of the
photoresist film with high accuracy. Since equalizing
the photoresist film thickness and making the photoresist
filmy is done by the gas, the operation can be made

20 easily.

Because the substrate is mounted on the supporter so
that a stepped portion is produced between the supporting
surface of the supporter and the top surface of the
substrate and the photoresist is coated on the side

25 surface which shows up at the stepped portion, the side
surface of the substrate has a thick photoresist film

formed thereon, which works as a sufficient etching



5 surface to be processed, and establishing the pattern precision by use of
t he? photoresist filmw th high accuracy. It is another object of the
present invention to provide a nethod for producing a nagneﬂmsShea&manRekmw

capable 10 of not only equalizing the filmthickness of a pho

onza surface to be processed but also formng a sufficient et

preventing filmon a portion which nust-nét-be processed. 'The oreg

ot her objects of the present 15 invention have been attained by prOV|d|ng a
met hod for preventing film or adhering preventing film during a dry

etching process etc. In this manner, the f£ilm thickness
of the photoresist f£ilm on the top surface of the
substrate to be processed can be equalized, and at the
5 same time the etching preventing film and the adhering
preventing f£ilm can be sufficiently formed on the side
surface of the substrate which must not be processed.
The gas is blown over the photoresist coated on the
top surface of the substrate not only to draw the
10 photoresist by the gas flow but also to blow away an
unnecessary portion of the photoresist. The blown
portion of the photoresist gets together with the portion
of the photoresist which has adhered on the side surface
of the substrate. As a result, the photoresist on the
15 side surface is made further thicker enhancing the
functions as the etching preventing film and the adhering
preventing f£ilm.
The present invention is widely applicable to
micromachining technology. One of specific applications
20 is application to a method for producing a thin film
magnetic head. In a specific example, the substrate
includes a magnetic head assemblage wherein a plurality
of magnetic head eiements are arranged in a direction,
and surfaces of the magnetic head elements, which are
25 used as medium opposing surfaces, respectively, form the
photoresist coated surface. 1In this case, a photoresist

film which has a thin and even film thickness is formed



formng a photoresist filmon a substrate, conprising nounting a substrate
on-a supporting surface of a supporter so that a stepped portion is
produced between the supporting surface and a top surface Tak SheaeHa8Been Re laced
substrate; coating a photoresist on the top surface and a sj nﬁlu m\

the substrate, the side surface showi ng up at the stepped p
t hen; bl ow ng gas over the photoresist en5the top surface to nake the
-photoresist filmy. 25 Preferably, the nethod includes use of a gas

supply nozz'e'thEhgaﬁeéfﬁﬂl8pﬁ8§fﬁ§-é§r§§@@§e§sr§4@1$é£f¥n&‘é@rfaceé
on the magnetic head assemblage, and thereby giving a
basis for applying a high-accuracy shape to the air
bearing.surfaces.
5 As explained, the present invention can offer the
following advantages.

(a) A photoresist film forming method can be provided
which equalizes the film thickness of a photoresist film
on a surface to be processed, and pattern precision by

10 use of the photoresist film can be enhanced.

(b) A photoresist film forming method can be provided
which equalizes the film thickness of a photoiesist film
on a surface to be processed, and simultaneously can form
a sufficient etching preventing film on a portion which

15 must not be processed.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by

20 reference to the following detailed description when
considered in connection with the accompanying drawings,
wherein:

Figures 1 (a) and (b) are schematic views of an
embodiment of the photoresist coating step included in

25 the photoresist f£ilm forming method according to the
present invention;

Figures 2(a) and (b) are schematic views of an



respect to the top surface of the substrate. REPLACENMENT SHEET 3- An
exanpl e of the substrate includes a magnetic head assenbl age—wherern—a
plurality of magnetic head elenents are arranged in a dlreoﬁmgmmﬁﬁ

surface of the substrate is constituted by surfaces of th
el enments, which are used as nedi um opposi ng surfaces ’Tﬂ"m ,"' ,
- 6 -

10

15

20

25

embodiment of the gas blowing step included in the
photoresist film forming method according to the present
invention;

Figure 3 is a schematic view showing how the
photoresist film is coated after the step of Figure 2;

Figure 4 is a schematic view showing an example of
the scanning direction of a gas supply nozzle with
respect to the photoresist;

_ Figure 5 is a schematic view showing another example
of the scanning direction of the gas supply nozzle with
respect to the photoresist;

Figure 6 is a schematic view showing a further
example of the scanning direction of the gas supply
nozzle with respect to the photoresist;

Figure 7 is a schematic view showing another further
exampie of the scanning direction of the gas supply
nozzle with respect to the photoresist;

Figure 8 is a perspective view showing an example of
the gas supply nozzle;

Figure 9 is a perspective view showing another
example of the gas supply nozzle;

Figure 10 is a perspective view of a magnetic head;

Figure 11 is a plan view showing an example of the
magnetic head fabrication process to which the
photoresist film forming method according to the present
invention is applied;

Figure 12 is a partially cross-sectional view taken



respectively. In accordance with the photoresist filmformng nethod of the
present invention, after coating the photoresist on the top surface—of-the_

substrate, the gas 10 is blown over the photoresist on the magnstyface Lo
make the photoresist filny. As a result, the photoresist whic Replaced
coated on the top surface of the substrate is drawn by the g

a photoresist filmwhich has a thin and -even-filmthickness o i

top 15 surface of the substrate. This gives a basis which is required to
establish pattpny eHeS 19MPV1YSA1Y M ®igure 11; -

Figure 13 is a partially cross-sectional view showing
an example of the gas blowing step included in the
magnetic head fabrication process to which the

5 photoresist film forming method according to the present
invention is applied;

Figure 14 is a plan view showing the state after the

' step shown in Figure 13;
Figure 15 is a cross-sectional view showing an
10 exposing step after the step shown in Figure 14;

Figure 16 ié a cross—-sectional view showing an
etching step after the step of Figure 15;

Figure 17 is a cross-sectional view of the magnetic
head assemblage which has been obtained through the step

15 shown in Figure 16; and

Figure 18 is a partially cross-sectional view taken

along the line Al18-Al18 of Figure 16 in enlargement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings wherein the same reference
20 numerals designate.the same or corresponding parts, and
more particularly to Figures 1 (a) and (b), and Figures 2
(a) and (b), there are respectively shown a photoresist
coating step in Figures 1 (a) and (b), and a gas blowing
step in Figures 2 (a) and (b). In Figure 1 (a), there is
25 shown a state wherein a photoresist is being coated. 1In
Figure 1(b), there is shown a state wherein the

photoresist has been coated. As shown in Figure 1l(a), a



photoresist filmwth high accuracy. Since equalizing the photoresist film
thi~ckness and meking the photoresist filnmy is done by the gas, the

operation can be nmade 20 easily. Because the substrate is nounted on the ===3
supporter so that a stepped portion is produced between th'"$ﬁ@pqmuumgxfchN\
sufface of the supporter and the top surface of the substradte aﬁ&éﬁhgsaﬁ
photoresist is coated on the side 25 suBf ace whi ch shows
st epped portion, the side surface of the substrate has a thick photoresist

filmformed thgrgapr ¥R §6 1B fiSufted SHfA' SuBPLreEEN500by means of

bond or a mechanical coupling. Between a top surface 20

of the subst:ate 10 and a supporting surface 51 of the
supporter 50 are produced stepped portions A.

5 'First, as shown in Figure 1 (a), the top surface 20
of the substrate 10 and the stepped portions A have a
photoresist 30 coated thereon. As measures to supply the
photoresist, there are a dip-coating technique, a drip
technique and so on. In Figure 1 (a), there is shown the

10 drip technique, wherein a photoresist supply nozzle 40 is
used, and the photoresist 30 drips from the photoresist
supply nozzle 40 onto the top surface 20 of the substrate
10 and the stepped portions A. The supporter 50 is
transferred by a carrier 60 in a direction indicated by

15 an arrow Cl. It is preferable that the photoresist 30 is
coated on the top surface 20 of the substrate 10 and the
stepped portions A during the transfer.

Next, as shown in Figure 2 (a), gas 70 which is
supplied from a compressed gas source (not shown) is

20 Dblown to the photoresist 30 to make it filmy. As a
result, the photoresist film 30 is formed to have a thin
and even film thickness over the entire surface of the
top surface 20 of the substrate 10 as shown in Figures 2
(b) and Figure 3. As the gas 70 is selected e.g. air or

25 gaseous nitrogen. As the gas supply means is used a gas
supply nozzle 80. It is preferable that the gas supply

nozzle 80 is scanned relatively with respect to the top



preventing filmor adhering preventing filmduring a d_y_eLching process

etci In this manner, the filmthickness of the photoreS|st |, b Giked KDlabedp
surface of the substrate to be processed can be equalize mﬁ\‘mm
an

same time the etching preventing filmand the adhering pr

be :sufficiently fornmed on the side surface of the substrat

be processed. The gas is bl own over the plot-oresi st coated on the
surface 20 of the substrate 10 as indicated an arrow C2.
Scanning the gas éupply nozzle is carried out by moving
the gas supply nozzle 80 itself or moving the carrier 60
which supports the substrate 10 and the supporter 50.

5 The scanning direction, range and the like of the gés

supply nozzle 80 vary with the shape of the substrate 10,
the tip shape of the gas supply nozzle 80 or the like.
In Figures 4 through 9, there are shown specific
examples. When the planer shape of the top surface of

10 the substrate 10 is rectangular, scanning is linearly
made along the longitudinal direction or the width |
direction of the top surface as indicated in arrows C2 in
Figure 4. When the.planer shape of the top surface of
the substrate 10 is circular, scanning can be circularly

15 made around the center of the top surface 20 as shown in
Figures 5 and 6. When the planer shape of the top
surface 20 of the substrate 10 is a combination of a
circular arc shape of a rectangular shape, scanning can
be made in a U-turn manner as shown in Figure 7.

20 The tip shape of the gas supply nozzle 80 may be
linear as shown in Figure 8, or be so spot-shaped to
radiate the gas, having the tip of the nozzle as the
center, as shown in Figure 9. |

As explained, since the gas 70 is blown over the

25 photoresist 30 to make it filmy after coating the

photoresist 30 on the top surface 20 of the substrate 10,

the photoresist 30 which has been coated on the top



top surface of the substrate not only to draw the 10 photore5|st by the
gas: fl ow but also to bl ow away an unnecessary portion of thell te) HassBesit Re laced
The bl own portion of the photoresist gets together with the p
phot oresi st which has adhered on the side surface of the subs
result, the photoresist on the 15 side surface is made further thic

er

enhancing the functions as the etching prEHventing filmand the adhering
preventing film The present invention is widely applicable to
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flow to fo;m a photoresist f£ilm 30 with a thin and even
film thickness over the entire surface of the top surface
20 of the substrate 10 as shown in Figure 2 (b). This
can provide a basis which is required to enhanée the
pattern precision by use of the photoresist film 30 with
high-accuracy. 1In addition, because equalizing the film
thickness of the photoresist f£ilm and making the
photoresist filmy is done by blowing the gas 70, the
operation is easy.

Since the substrate 10 is mounted on the supporter 50
so that the stepped portions A are produced between the
supporting surface 51 of the supporter 50 and the top
surface 20 of the substrate 10, and the photoresist 30 is
coated on side surfaces of the substrate as well, which
show up at the stepped portion A, the side surfaces of
the substrate 10 have thick portions of the photoresist
film 30 formed thereon. Those portions of the

photoresist film work as an etching preventing f£ilm and

-an adhering preventing film in a dry etching step and so

on. In this manner, not only the f£ilm thickness of the
photoresist f£ilm 30 on the top surface 20 to be processed
can be equalized, but also the etching preventing film
and adhering preventing f£film can be simultaneously
formed, in a sufficient manner, on the side surfaces
which must not be processed.

In addition, the gas is blown over the photoresist 30

T



20 is application to a method for producing a thin filmnagnetic head. In
a specific exanple, the substrate includes a magnetic head assenbliée

wherein a plurality of magnetic head el enents are arranged"l"liﬂi%?ﬂ‘ﬁtmal

aced

and surfaces of the magnetic head el ements, which are 25 u

opposi ng surfaces, respectively, formthe photoresist coate

;hls case, a photoresist filmwhich hassdlhin and even filmthickness is
or med

on the top surface 20, causing the gas flow 70 to draw
the photoresist 30 coated on the top surface 20 of the
substrate 10 and to blow away unnecessary portions of the
photoresist 30. .As a result, the portions of the

5 photoresist 30 on the side surfaces are made further
thicker to enhance the functions of the etching
preventing £ilm and the adhering preventing film.

Now, a case wherein thé photoresist film forming
method according to the present invention is applied to

10 micromachining technology of an air bearing surface of a
magnetic head will be described in detail.

Various magnetic heads wherein a peculiar shape is
applied to an air bearing surface have been proposed to
minimize a skew angle dependency in flying

15 characteristics in a magnetic head to keep flying height
constant and stabilize a flying posture from the inner
periphery to the outer periphery of a magnetic disk, or
to improve magnetic recording/readout characteristics.

In e.g. JP-A-60-101781, there is disclosed a magnetic

20 head slider wherein slider rails have the central rail in
the longitudinal direction formed to be narroﬁer in width
than the opposite end rails to minimize the skew angle
dependency.

In JP-A-4-356765, there is disclosed a magnetic head

25 wherein rail portions have an upper surface formed with
an air bearing surface having an inner edge and outer

edge, and the inner edge and the outer edge are converged



REPLACEMENT SHEET on the nedi um opposi ng surfaces as air bearing surfaces

on the magnetic head assenbl age, and thereby giving a basis Tor applying a

hi gh-accuracy shape to the air bearing surfaces. 5 As erl LﬂieéteﬂsBéehReplaced
present invention can offer the foll ow ng advantages. (a) A p '
fitmformng nmethod can be provided which equalizes the f|In1t

photoresist filmon a surface to be proecdssed, and pattern preC|S|on

use of the photoresist film can be enhanced.

from a front edge of the slider toward points of

inflection and are diverged from the points of inflection
toward the rear edge of the slider to restrict a
fluctuation in flowing characteristics with respect to

5 skew angles. In JP-A-2-246067, there is disclosed a
slider for a magnetic disk device, wherein rails are
formed to get gradually narrower in width from an air
inlet end toward an air outlet end.

In addition, in JP-A-4-274014, there is disclosed a

10 technique wherein a pole portion formed on an air bearing
surface has an end portion in a width direction or a
thickness (longitudinal) direction formed with a recess
having a minute depth, setting the width of the pole
portion in a track direction with high-accuracy, or

15 Aimproving electromagnetic conversion characteristics.

As another technique in addition to the prior art
stated above, there has been known a TPC (Transverse
Pressurization Contour) type of slider. The TPC type of
slider has been disclosed in JP-A-61-278087, JP-U-57-

20 122063 (Jépanese Utility Model Application No. 56-5818),
USP 4673996, USP 4870519 and so on. The TPC type of
slider has side portions of rail portions formed with
minute recesses over theif entire length. When the TPC
type of slider is incorporated into a rotary actuator

25 type of magnetic recording and reproducing device, air
flow entering from a lateral direction creates a lift

dynamic pressure in the recesses at a position having a



(b) A photoresist filmformng nmethod can be provided whi-ch equallzes_L___
fil’mthickness of a photoresist filmon a surface to be pr B?ﬁ%&

simul taneously can forma sufficient etching preventing ﬂl ‘mmd
whi ch 15 nmust not be processed. BRI EF DESCRI PTI ON OF THE

~conpl ete appreciation of the invention and nmany of the atte
thereof will be readily obtained as the- slBre- becones better understood by
20 reference to the follow ng detail ed description when considered in

connection wtgrbhe SkEQRAGYENILI BYePERt a decrease in flying height
at the great skew angle position, keeping a constant
flying height from the inner periphery to the outer
periphery of a magnetic disk and stabilizing a flying
5 posture.

Application of such a shape to the air bearing
surface has to be carried out by micromachining
technology. In conventional measures for the
micromachining technology, a required fine shape has been

10 obtained by coating a photoresist on an air bearing
surface as a surface to be processed, using a
photolithographic process to subject the photoresist £film
to patterning to get a pattern required for processing,
and then carrying out etching. Etching is normally

15 carried out by a dry etching step such as milling, and
the photoresist is coated by a dip~coating process or a
spin-coating process or the like. |

One of the problems in the conventional technology as
stated above is that since the dip-coating process or the

20 spin-coating process is adopted as the photoresist
coating process, and the photoresist f£ilm obtained by
such a coating process is subjected to the
photolithographic process, the photolithographic process
has been forced to be carried out on the photoresist film

25 which has such an uneven film thickness that the film
heaves at an edge portion on the substrate. The

photolithographic process under the uneven state in the



-wherein: Figures 1 (a) and (b) are schematic views of an enbodi nent of the
phat oresi st coating step included in 25 the photoresisP—LLLanorning_nethod
according to the present invention; Figures 2(a) and (b).r.h [Bees henatlc
views of an REPLACEMENT SHEET 6- 5 Sheet Has Been

: e
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film thickness creates a décrease in patternlng
precision. In JP-A-3-190215, there is disclosed a
technique as measures to solve the problem in the spin-
coating process, wherein a rectangular substrate to be

5 processed has one edge portion cut out in a slant shape,
., and the substrate is set in such a manner that the
slanted gdge portion is directed to a rotational
direction between the centef of rotation and a peripheral
edge portion on a spin holder, which requires use of a

10 special substrate to be processed.

The photoresist film forming method according to the
present invention is applicable to various micromachining
techniques stated above, and can solve the problem as
discussed above.

15 In Figure 10, there is shown a perspective view
showing an example of the magnetic head which can be
obtained by the producing method according to the present
invention. 1In Figure 10, dimensions are exaggerated.
Referring to Figure 10, the magnetic head includes a

20 slider 1 and magnetic transducing elements 2. Supposing
a longitudinal direction L and a width direction W on a
medium opposing surface, the slider 1 has at least one
rail portion 101 or 102 which extend in the longitudinal
direction L on the side of the medium opposing surface.

25 The rail portions 101 and 102 have the side of the medium
opposing surface provided with air bearing surfaces 103

and recesses 104 and 105. The air bearing surfaces 103



enbodi mrent of the gas blowing step included in the photoresist filmformng
nmet-hod according to the present invention; Figure 3 is a schemat+e~wview . _

showi ng how the 5 photoresist filmis coated after the Stemi@hed gyre 2;
Figure 4 is a schematic view show ng an exanpl e of the scann{ . aced
of :a gas supply nozzle with respect to the photoresist; FiggH _, u
schemati c vi ew show ng anot her exanpl e 4015 0f the scanning di e

gas supply nozzle with respect to the photoresist;
are formed over the entire length in the longitudinal

direction L.

The magnetic transducing elements 2 are provided in a

side surface at oné end surface of the slider 1 in the
5 longitudinal direction L, and on extension of the rail

portions 101 and 102. The magnetic transducing elements
2 are generally constituted by thin film elements. The
magnetic transducing elements 2 may be an inductive type,
an MR (magnet-resistance effect) type or a combination

10 thereof. Those elements can be constituted by thin film
elements which are produced by a process similar to an IC
fabrication technology. In addition, the present
invention is applicable not only to a longitudinal
magnetic recording system but also a perpendicular_

15 magnetic recording system.

The rail portions 101 and 102 are provided in pairs
as a general structure, and the rail portions are mostly
formed in parallel, having a gap therebetween. In such a
case, the gap between the rail portions 101 and 102 forms

20 a slot 106 which drops from the air bearing surfaces 103
and the recesses 104. The air bearing surfaces 103 have
tapered surfaces 107, respectively, on the other end
which is opposite to the end surface where the magnetic
transducing elements 2 are positioned. One rail portion,

25 or more than two rail portions may be provided.

Reference numerals 21 and 22 designate take off

electrodes.



Figure 6 is a schematic view show ng a further exanple of the scanning
di r-ection of the gas supply nozzle wth respect to the photoresist; 15 . =

Figure 7 is a schematic view showi ng anot her further exanpleTﬁ ﬁ;
scanning direction of the gas supply nozzle with respect to t ot Has Been Replaced
phetoresist; Figure 8 is a perspective view showi ng an exanpl wmjlm m’mm’
supply nozzle; 20 Figure 9 is a pengpective VIGMIShOWAn

exanpl e of the gas supply nozzle; Figure 10 is a perspective view of a
magnetic head; . phe production method according to the present

invention is applicable to forming the recesses 104 and
105 as stated above. A specific example will be
explained with reference to Figures 11 through 18.

5 First, a magnetic head assemblage 10 is arranged on
the supporter 50 as shown in Figure 11. The magnetic
head assemblage 10 is constituted by arranging a
piurality of magnetic head elements M1l - Mln in one
direction, and are placed on the supporter 50 in such a

10 manner that surfaces of the magnetic head elements M1l -
Mln to be processed as medium opposing surfaces are
directed upward. It is preferable that a polishing step
for air bearing surfaces and a process for applying
tapered surfaces to the air bearing surfaces have been

15 carried out before the process according to the present
invention is carried out.

Next, the photoresist 30 is coated on the top surface
20 of the magnetic head assemblage 10 and the stepped
portions A as shown in Figure 12. Then, the gas 70 is

20 blown over the photoresist 30 to make it filmy as shown
in Pigure 13. As a result, the magnetic head assemblage
10 is obtained which has the medium opposing surfaces as
the air bearing surfaces coated by the photoresist film
30 with a thin and even film thickness. This can give a

25 Dbasis for applying shape processing to the air bearing
surfaces with high-accuracy in a step explained later on.

Because the magnetic head assemblage 10 is mounted on



Figure 11 is a plan view showi ng an exanple of the nmagnetic head

fabrication process to which the 25 photoresi st f|In1forn1ng ‘nmet hod —— ——

cross-sectional view taken along the line Al12-Al2 of Figu

according to the present invention is applied; Figure 12 i sTfasWeatHwBebryRe laced .

13-is a partially cross-sectional view showi ng an exanpl e of
_17_

bl owi ng step included in the
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the supporter 50 so that the stepped portions A are
produced between the suppdrting surface 51 of the
supporter 50 and the top surface 20 of the magnetic head
assemblage 10, and the photoresist 30 is coated on the
side surfaces of the assemblage which show up at the
stepped portions A, the photoresist film 30 is formed on
the éide surfaces of the magnetic head assemblage 10 in a
thick manner. The photoresist film 30 on those side
surfaces works as an etching preventing film and an
adhering preventing film in a dry etching step and so on.
In that manner, the film thickness of the photoresist
film 30 on the top surface 20 as a surface to be
processed can be equalized, and simultaneously the
etching preventing film and the adhering preventing film
can be obtained at the side surfaces not required for
process, in a sufficient manner.

In addition, the gas 70 is blown over the photoresist
30 on the surface 20, causing the gas flow to draw the
photoresist 30 coated on the top surface 20 of the
magnetic head assemblage 10 and to blow away an
unnecessary portion of the photoresist. As a result, the
photoresist 30 on the side surfaces is made.further
thicker, highly enhancing the functions of the etching
preventing film and the adhering preventing film. Next,
a photomask 90 is put on the photoresist £ilm 30 formed
on the top surface of the magnetic head assemblage 10,

and the exposure is done as shown in Figure 15. The

LT



magneti c head fabrication process to which the 5 photoresist. filmformng

view showi ng the state after the step shown in Figure 13; Fi6
cross-sectional view showi ng an 10 exposing step after the st

met:hod according to the present invention is applied; Figure_l4 L% a pl
£
Figure 14; Figure 16 is a cross-sectional view show ng an etc Wﬂﬂm

after the step of Figure 15; Figure 17 +sl& €ross-sectional- view of the
magneti ¢ head assenbl age whi ch has been obtai ned through the step
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photomask 90 has a pattern which is required to obtain
the recesses 104 and 105, the slot 106 and so on in the
magnetic head shown in Figure 10.

After the photoresist £ilm is subjected to patterning
by development, dry etching is carried out, using the
remaining photoresist film 30 as a mask as shown in
Figure 16. A typical example of dry etching is milling.
Since the magnetic head assemblage 10 has the side
surfaces coated with the thick photoresist film 30 as
shown in Figure 18, fine particles which have been
produced form the magnetic head assemblage 10 by the dry
etching can prevent from adhering on both side surfaces
of the magnetic head assemblage 10, from which the
sliders are produced. As a result, there is no
possibility that.damage due to a magnetic head adhering
particle is given to a magnetic disk or a magnetic head.

The recesses 104 and 105, and the slot 106 are formed
through the dry etching step as shown in Figure 17.

After necessary machining process is carried out, and the
magnetic head elements M1 - Mn are discretely cut out.

Although detailed explanation is omitted, the present
invention is significéntly useful as measures to form a
recess in a case wherein a pole portion formed on the air
bearing surface has an end portion in a width direction
or a thickness (longitudinal) direction formed with a
recess having a minute depth, to set the width of the

pole portion in a track direction with high-accuracy or

ﬁ

n
ﬂ“ﬁmm



15 shown in Figure 16; and Figure 18 is a partially cross-secti-onal—view
taken along the Iine Al8-Al8 of Figure 16 in enlargenent. DEE%%@ﬁQHkmBamRelmai

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to the dra
the sane reference 20 nuneral s designate the sanme or corresporlvH!ﬂ u mm,
and nore particularly to Figures 1 (a) and (b), and Figures 2

there are respectively shown a photorestsi9ceating step in Figures 1 (a)

and (b), and a gas blowing step in Figures 2 (a) and (b). In Figure 1 (a),
there is 25 sheyn;fipsbokee BBt PbRagn@BPE 0LSRYEEsiSnbEhAPac0EE B 1 LS,

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within

5 the scope of the appended claims, the invention may be
practiced otherwise than as specifically described

herein.



there is shown a state wherein the photorésist has been

Figure 1(b),

cogted. As._shown_in EﬂguLe—iéa) a -8- substrate 10 |s nounted on a
supporter 50 b ans of bond chani cal couplin tmeaﬂhiﬁrenReplaced

surface 20.?““‘“ u HME&H 0 and a supporting surface 51 o

50- are prodd * ons A 5 First, as shown i

(a),

the top surface 20 - 20 -

10

15

20

WHAT IS CLAIMED IS:

1. A method for forming a photoresist film on a
substrate, comprising:

mounting a substrate on a supporting surface of a

- supporter so that a stepped portion is produced between

the supporting surface and a top surface of the
substrate;

coating a photoresist on the top surface and a side
surface of the substrate, the side surface showing up at
the stepped portion; and then;

blowing gas over the photoresist on the top surface
to make the photoresist filmy.
2. A method for forming a photoresist f£ilm according to
Claim 1, further including use of a gas supply nozzle,
the gas supply nozzle scanned relatively with respect to
the top surface of the substrate.
3. A method for forming a photoresist f£ilm according to
Claim 1, wherein the substrate includes a magnetic head
assemblage wherein a plurality of magnetic head elements
are arranged in a direction; and wherein the top surface
is constituted by surfaces of the magnetic head elements,

which are used as medium opposing surfaces, respectively.




of the substrate 10 and the stepped portions A have a photoresist. 30 coated
thereon. As neasures to supply the photoresist, there are a ﬂ; -coati ng ———
t echni que, a drip technique and so on. In Figure 1 (a), therefug el Rédlaced

10= drip techni que, wherein a photoresist supply nozzle 40 i s} Emfﬁiﬂm ﬂ ]

photoresist 30 drips fromthe photoresist supply nozzle 40 o
surface 20 of the substrate 10 and the st2pped portions A The supporter
is transferred by a carrier 60 in a direction indicated by 15 an arrow CI1.

It is preferable that the photﬁm% e PRY . guyEEe top surface 20 of

t he substrate 10 and the
A method for forming a photoresist film on a

substrate, comprising: mounting a substrate on a
supporting surface of a supporter so that a stepped

5 portion is produced between the supporting surface and a
top surface of the substrate; coating a photoresist on
the top surface and a sidelsurface of the substrate, the
side surface showing up at the stepped portion; and then;
blowing gas over the photoresist on the top surface to

10 make the photoresist filmy.



stepped portions A during the transfer. Next, as shown |n-F|gure 2 (a)
70 which is supplied froma conpressed gas source (not shqwg 15 :
to the photoresist 30 to make it filny. As a result, the p "
30:is formed to have a thin and even filmthickness over th i tﬁ ce
of. the top surface 20 of the substrate 10 as shown in Figur

Figure 3. As the gas 70 is selected e.g. air or 25 gaseous n|trogen

the gas supply neans is used a gas supply nozzle 80. It is preferable that

t he gas suppi* nozz?sé%)ls Sfanned rel ativel ct t? t he top
(a) FIGURE

39 20 30
10 28 30 30 10§ |
51/ Ba_ X .
© { 20 (o) { O!
60 60

FIGURE 2 (a) FIGURE 2 (b)




REPLACEMENT SHEET surface 20 of the substrate 10 as indicated an arrow €2
Scanning the gas supply nozzle is carried out by noving thqhggﬁeeﬁwggéﬂl{glaced

nozzle 80 itself or noving the carrier 60 which supports the

angd the supporter 50. 5 The scanning direction, range Hmma“ﬂwnl mf
the gas supply nozzle 80 vary with the shape of the substrat , g
shape of the gas supply nozzle 80 or the like. '

FIGURE 4
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FIGURE 5




In Figures 4 through 9, there are shown specific exanples. Wen the planer
shape of the top surface of 10 the substrate 10 is rectangulgn, scanning is —
linearly made along the |ongitudinal direction or the width i titlanBesh Replaced
the'top surface as indicated in arrows C2 in Figure 4. \Wen ti -

shape of the top surface of the substrate 10 is circular, sca

circularly 15 made around the center of the top surface 20 as shown in A

Figures 5 and 6. Wien th pe of*phe top surface 20 of the
substrate 10 is a conbingerEngf?ZEEircul r arc shape of a rectangul ar

shape, scanning can

LS LY
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~
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FIGURE 8

7044
FIGURE 9




be made in a U-turn manner as shown in Figure 7. 20 The tip shape of
the gas supply nozzle 80 nay be linear as shown in Figure 8_ or be so- -
spot -shaped to radiate the gas, having the tip of the nozzl B cet blas B2 R &laced
as; shown in Figure 9. As explained, since the gas 70 is bl ovv[1 n _
photoresist 30 to nmake it filmy after coating the photoresis '
surface 20 of the substrate 10, the photoresist 30 which has been-coa n:
the top

FIGURE 10




REPLACEMENT SHEET surface 20 of the substrate 10 can be drawn by the gas
flowto forma photoresist film30 with a thin and even fitm thickness—over—

the entire surface of the top surface 20 of the substrate.Ti;Qsﬁ’e‘étl%QQMR[ﬁﬂced

Figure 2 (b). This 5 can provide a basis which is requi'red%mﬂrfﬂw
> |

pattern precision by use of the photoresist film30 with hi
maki ng the photoresist fil WFiéWbl ovvil'lg'the gas 70, the

€
n
addi tion, because equalizing the filmthickness of the phot nd

Af2=] 50
)
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10 operation is easy. Since the substrate 10 is mounted on the supporter
50 -so that the stepped portions A are produced between the support+ng — ... __ __

swface 51 of the supporter 50 and the top surface 20 of thEhisgggttHaﬁf%n O’Iaed
e

and the photoresist 30 is 15 coated on side surfaces of the _
wel |, which show up at the stepped portion A the side surfaq , l

substrate 10 have tﬁm ns of ,tRe photoresist film 30. ! Jt
Those portions of t Ei st f' work as an etching preventing film
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on. In this manner, not only the filmthickness of the photoresist film 30

on.the top surface 20 to be processed can be equalized, but also the
etching preventing filmand adhering preventing film can beTmlﬁmtﬂhanRﬁced :

25 fornmed, in a sufficient manner, on the side surfaces vhi mﬂ" :mtm

processed. In addition, the gas is bl own over the phot oresi s
top surface 20, causing the gas flow 70 to dr

FIGURE 18
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t he bhotonpsist 30 coated on the top surface 20 of the substrate 10 and to
bl ow gway, Unnecessary portions of the photoresist 30. As a result, the
portiions &f the 5 photoresist 30 on the side surfaces are nade further

t hi cker to“efhance the functions of the etching preventing
adhering preventing film Now, a case wherein the photoile FS%AQEMWTSHEEHQ
mE K0 hiagk N
qe "1 958, 1986

met hod according to the present invention js applied to
in detail. Various magnetic heads wherein a peculiar shape Is

technol ogy of an air bearing surface of'é]ndbnetic head

TITLE OF THE INVENTION

METHOD FOR FORMING A PHOTORESIST FILM
BACKGROUND OF THE INVENTION

5 FIELD OF THE INVENTION

The present invention relates to a method for fofming
~a photoresist film. Preferable application of the method
for.forming a photoresist f£ilm according to the present

invention is e.g. a magnetic head fabrication process.

10 DISCUSSION OF BACKGROUND

In a photolithographic process well-known as a high-
accuracy pattern formation technigue, after éoating aw
photoresist on a surface to be processed, a
photomechanical téchnique such as exposyre and

15 development is used to subject the photoresist to
patterning and to obtain a patterned photoresist required
for prbcessing, and then etching is made to obtain a
required fine shape. When the photoresist is coated, a
dip-coating process, a spin-coating process and so on

20 have been utilized.

The conventional technique as stated above creates a
problem in that the photoresist film heaves at an edge
portion of the substrate to make film thickness uneven
because of adoption of ;he dip-coating process or the

25' .spin—coating process as:the photoresist coating process.
Uneven film thickness lowers patterning accuracy in the

photolithographic process.



applied to an air bearing surface have been proposed to mninze a skew
angle dependency in flying 15 characteristics in a magneti s :
flying héTght constant and stabilize a flying posture fif
periphery to the outer periphery of a magnetic disk, or
recordi ng/ readout characteristics. In e.g. JP-A-60-1017
di scl osed a magnetic 20 head slider whergin slider rai e
rail in the longitudinal direction formed“to be narrower in mndth t han t he

opposite end rails to mnimze the skew angl e dependency.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
method for producing a magnetic head, capable of
equalizing the f£ilm thickness of a photoresist f£ilm on a

5 surface to be processed, and establishing the pattern
precision by use of the photoresist film with high
accuracy.

It is another object of the present invention to
provide a method for producing a magnetic head, capable

10 of not only equalizing the f£ilm thickness of a
photoresist £ilm on a surface to be processed but also'
forming a sufficient etching preventing filmaon a porgion
which must not be processed.

The foregoing and other objects of the present

15 invention have been attained by providing a method for
forming a photoresist film on a substrate, comprising
mounting a substrate on a supporting surface of a
supporter so that a stepped portion is produced between
the supporting surface and a top surface of the

20 substrate; coating a photoresist on the top surface and a
side surface of the substrate, the side surface showing
up at the stepped portion; and then; blowing gas over the
photoresist on the top surface to make the photoresist
filmy.

25 Preferably, the method includes use of a gas supply
nozzle. The gas supply nozzle is scanned relatively with

respect to the top surface of the substrate.



In JP-A-4-356765, there is disclosed a magnetic head 25 wherein rai
'portLonszpave an upper surface forned with an air bearing
i nner edge and outer edge, and the inner edge and the out
. conver ged - 12 - froma front edge of the slider towar
“inflection and are diverged fromthe points of inflection
edge of the slider to restrict a -3 -

r REHUACEMENT SHEET

ggéphﬁtﬁkﬁ%el? ......

An example of the substrate includes a magnetic head
assemblage wherein a plurality of magnetic head elements
are arranged in a direction. The tbp surface of the
substrate is constituted by surfaces of the magnetic head

5 elements, which are used as medium opposing surfaces
respectively.

In accordance with the photoresist f£ilm forming
method of the present invention, after coating the
photoresist on the top surface of the substrate, the gas

10 is blown over the photoresist on the top surface to make
the photoresist filmy. As a result, the phgtoresist
which has been coated on the top surface of Ehe subsﬁéate
is drawn by the gas flow to form a photoresist f£ilm which

.has a thin and even film thickness over ,the entire top

15 surface of the substr;te. This gives a basis which is
required to establish pattern precision by use of the
photoresist £ilm with high accuracy. Since equalizing
the photoresist film thickness and making the photoresist
filmy is done by the gas, the operation can be made

20 easily.
| Becaﬁse the substrate is mounted on the supporter so
that a stepped portion is produced between the supporting
surface of the supporter and the top surface of the
substrate and the photoresist is coated on the side

25 surface which shows up at the stepped portion, the side
surface of the substrate has a thick photoresist film

formed thereon, which works as a sufficient etéhing



fluctuation in flow ng characteristics with respect to 5 skew angles. In
JP- A- 2- 246067, there is disclosed a slider for a magnetic disk device,
wherein rails are formed to get gradually narrower in w dth
~inlet end toward an air outlet end. In addition, in JP-A-4-
. disclosed a 10 technique wherein a pole portion formed on

- surface has an end portion in a width dirgction or a thiCKneDmte . Fueerermeert
(longitudinal) direction formed with a reCess having a mnu

setting the width of the pole portion in a track direction with
hi gh- accur acy pxgventing film or adhering preventing film during a dry

etching process etc. In this manner, the film thickness
of the phoﬁoresist £ilm on the top surface of the
substrate to be processed can be equalized, and at the
5 same time the etching preventing film and the adhering
preventing film can be sufficiently formed on the side
surface of the substrate which must not be processed.
The gas is blown over the photoresist coated on the
top surface of the substrate not only to draw the
10 photoresist by the gas flow but also to blow away an
unnecessary portion of the photoresist. The blown
portion of the photoresist gets together with the por;ion
of the photoresist which has adhered on the side surface
of the substrate. As a result, the photoresist on the
15 side surface is made further thicker enhancipg the
functions as the etching preventing f£ilm and the adhering
preventing film.
The present invention is widely applicable to
micromachining technology. One of specific applications
20 is application to a method for producing a thin film
magnetic head. In a specific example, the substrate
includes a magnetic head assemblage wherein a plurality
of magnetic head elements are arranged in a direction,
and surfaces of the magnetic head elements, which are
25 used as medium opposing surfaces, respectively, form the
photoresist coated surface. 1In this case, a photoresist

film which has a thin and even film thickness is formed



15 inproving el ectromagnetic conversion characteristics. As another
technique_in addition to the prior art stated above, there has been known a
TPC ( Trarsverse Pressurization Contour) type of slider. T ;
slider has been disclosed in JP-A-61-278087, JP-U-57- 20 [|1RERPGACEMENTSHEET
-~ Uility Model Application No. .56-5818), USP 4673996, USP 87051903$§“§¥wggg

The TPC type of slider has side portions gf rail portions||f Batesd®W.0%S. MR
m nute recesses over their entire I ength.?\When the TPC ty i

incorporated into a rotary actuator 25 type of nagnetic recording and
reproduci ng dewt ddhe uedium opposing surfaces as air bearing surfaces

on the magnetic head assemblage, and thereby giving a
basis for applying a high-accuracy shape to the air
bearing-surfaces.

5 As explained, the present invention can offer the
following advantages.

(a) A photoresist film forming method can be provided
which equalizes the film thickness of a photoresist £ilm
on a surface to be processed, and pattern precision by

10 use of the photoresist f£ilm can be enhanced.

(b) A photoresist film forming method c;ngbe provided
which equalizes the film thickness of a photéresist film
on a surface to be processed, and simultaneously can form
a sufficient etching preventing f£ilm on ,a portion which

15 must not be processed.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciatioh of the invention and
many of the attendant advantages thereof will be readiiy
obtained as the same becomes better understood by

20 reference to the following detailed description when
considered in connection with the accompanying drawings,
wherein:

Figures 1 (a) and (b) are schematic views of an
embédiment of the photoresist coating step included in

25 the photoresist £ilm forming mefhod according to the
present invention;

Figures 2(a) and (b) are schematic views of an



flow entering froma lateral direction creates a |lift dynam c pressure in

the recesges at a position having a great skew angle, to_prevent g ————
decrease in flying height at the great skew angle position, KREPI AGEMENT SHEET
constant flying height fromthe inner periphery to the oute periphegy ég 595
magnetic disk and stabilizing a flying 5 posture. ApplicatiogmgﬂmsbmHE,"l ,,,,,,,
shape to the air bearing -6 - .

embodiment of the gas blowing step included in the
photoresist film forming method according to the present
invention; |

Figure 3 is a schematic view showing how the

5 photoresist film is coated after the step of Figure 2;

Figure 4 is a schematic view showing an example of
the scanning direction of a gas supply nozzle with
respect to the photoresist;

Figure 5 is a schematic view showing another example

10 of the scanning direction of the gas supply nozzle with
respect to the photoresist;

Figure 6 is a schematic view showing a further
example of the scanning direction of the gas supply
nozzle with respect to the photoresist; , _

15 Figure 7 is a schematic view showing another further
example of fhe scanning direction of the gas supply
nozzle with respect to the photoresist;

Figure 8 is a perspective view showing an example of
the gas supply nozzle;

20 Figure 9 is a perspective view showing another
example of the gas supply nozzle;

Figure 10 is a perspective view of a magnetic head;

Figure 11 is a plan view showing an example of the
magnetic head fabrication process to which the

25 photoresist film forming method according to the present
invention is applied;

Figure 12 is a partially cross-sectional view taken



surface has to be carried out by m cromachi ning technol ogy. In conventi onal
nmeasur es ior the m cromachi ning technol ogy, a required fine shape has been

- 10 obtai’ned by coating a photoresist on an air bearing suf EET |
surface to be processed, using a photolithographic process aEEUﬁ?@MFN?ﬁ@

" photoresist filmto patterning to get a pattern required f procPQEMEﬂ'B
and then carrying out etching. Etching_is, normally 15 carri| &t2cu I_a_dfy"
etching step such as milling, and the photoresist is coated-5y” a

di p- coatlng process or a spin-coating process or the |ike.
along the line Al2-Al2 of Figure 11;

Figure 13 is a partially cross-sectional view showing
an example of the gas blowing step included in the
magnetic head fabrication process to which the

5 phoforesist film fofming method according to the present
invention is applied;

Figure 14 is a plan view showing the state after the
step shown in Figure 13;

Figure 15 is a cross-sectional view showing an

10 exposing step after the step shown in Figure 14;

Figure 16 is a cross-sectional view shoying an
etching step after the step of Figure 15; :

Figure 17 is a cross—sectional view of the magnetic
head assemblage which has been obtained through the step

15 shown in Figure 16; and

Figure 18 is a partially cross-sectionallview taken

along the line Al8-Al8 of Figure 16 in enla;éement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings wherein the same reference
20 numerals designate the same or corresponding parts, and
more particularly to Figures 1 (a) and (b), and Figures 2
(a) and (b), there are respectively shown a photoresist
coating step in Figures 1 (a) and (b), and a gas blowing
step in Figures 2 (a) and (b). In Figure 1 (a), there is
25 shown a state wherein a photoresist is being coated. 1In
Figure 1(b), there is shown a state wherein the

photoresist has been coatéd. As shown in Figure 1l(a), a



One of the problens in the conventional technol ogy as stated above is that
since the dip-coating process or the 20 spin-coating progess i s adopted as

t he ‘phot 8r esi st coating process, and the photoresist fil [ Y]

a coating process is subjected to the photolithographic p 8@%@@% TSHEET
phot ol i t hogr aphi ¢ process has been forced to be carried . {h§ ;
photoresist film25 which has such an uneven filmthick Da 'Hép"r§%8$§?%4
heaves at an edge portion on the substraBe™ The photolithographi c process —

under the uneven state in the
substrate 10 is mounted on a supporter 50 by means of

bond or a mechanical coupling. Between a top surface 20
of the substrate 10 and a supporting surface 51 of the
supporter 50 are produced stepped portions A.

5 FPirst, as shown in Figure 1 (a), the top surface 20
of the substrate 10 and the stepped portions A have a
photoresist 30 coated thereon. As measures to supply the
photoresist, there are a dip-coating technique, a drip
technique and so on. 1In Figure 1 (a), there is shown the

10 drip technique, wherein a photoresist supply nozzle 40 is
used, and the phdtoresist 30 drips from the .photoresist
supply nozzle 40 onto the top surface 20 of the subst;éte
10 and the stepped portions A. The supporter 50 is
transferred by a carrier 60 in.a'directipn indicated by

15 an arrow Cl. It is preferable that the photoresist 30 is
coated on the top surface 20 of the substrate 10 and the
stepped portions A during the transfer.

Next, as shown in Figure 2 (a), gas 70 which is
supplied from a compressed gas source (not shown) is

20 blown to the photoresist 30 to make it filmy; As a
result, the photoresist film 30 is formed to have a thin
and even film thickness over the.entire surface of the
top surface 20 of the substrate 10 as shown in Figures 2
(b) and Figure 3. As the gas 70 is selected e.g. air or

25 gaseous nitrogen. As the gas supply means is used a gas
supply nozzle 80. It is preferable thatlthe gas supply

nozzle 80 is scanned relatively with respect to the top



- 14 - filmthickness creates a decrease in patterning precision. In
JP- A:-3-190215, there is disclosed a technique as neasures to solve the

problemin the spin- coating process, wherein a rectangul ffr_sun ﬁ?éﬁEEF
5 processed has one edge portion cut out in a slant shape 0
substrate is set in such a manner that the slanted edge pfrtion 055(5533&3%

to a rotational direction between the ceng er of rotation §ritf'8 " periHErEl

surface 20 of the substrate 10 as indicated an arrow C2.
Scanning the gas supply nozzle is carried out by moving
the gas supply nozzle 80 itself or moying the carrier 60
which supports the subsfrate 10 and the supporter 50.

5 The scanning direction, range and the like of the gas
supply nozzle 80 vary with the shape of the substrate 10,
the tip shape of the gas supply nozzle 80 or the like.

In Figures 4 through 9, there are shown specific
examples. When the planer shape of the top surface of

10 the substrate 10 is rectangular, scanning is linearly
made along the longitudinal direction or thgfwidth
direction of the top surface as indicated in;arrows Cé.in
Figure 4. When the planer shape of the top surface of
the substrate 10 is circular, scanning can be circularly

15 made around the center of the top surface 20 as shown in
Figures 5 and 6. When the planer shape of the top
surface 20 of the substrate 10 is a combination of a
circular arc shape of a rectangular shape, scanning can
be made in a U-turn manner as shown in Figure 7.

20 The tip shape of the gas supply nozzle 80 may be
linear as shown in Figure 8, or be so spot-shaped to
radiate the gas, having the tip of the nozzle as the
center, as shown in Figure 9.

As explained, since the gas 70 is blown over the

25 photoresist 30 to make it filmy after cbating the

photoresist 30 on the top surface 20 of the substrate 10,

the photoresist 30 which has been coated on the top



edge portion on a spin holder, which requires use of a 10 speci al
substrate, to be processed. The photoresist filmformng method according to
the present invention is applicable to various m cronachi rg—Eee o
stated above, and can solve the probl em as di scussed above]| REPLACEMENTSHEET
Figure 10, there is shown a perspective view show ng an exganpl e Gf Egg 96
magneti ¢ head which can be obtai ned by_tf&z produci ng met hogl Latce e§ t@ -------
the present invention. In Figure 10, dinehsions are exagge . -

to Figure 10, the magnetic head includes a :
surface 20 of the substrate 10 can be drawn by the gas

Tt

flow to form a photoresist film 30 with a thin and even
film thickness over the entire surface of the top surface
20 of the substrate 10 as shown in Figure 2 (b). This

5 can provide a basis which is required to enhance the
pattern precision by use of the photoresist f£ilm 30 with
high-accuracy. In addition, becauée equalizing the film
thickness of the photoresist film and making the
photoresist filmy is done by blowing the gas 70, the

10 operation is easy.

Since the substrate 10 is mounted on the.supporter 50
so that the stepped portions A are produced bétween'tﬁe
supporting surface 51 of the supporter 50 énd the top
surface 20 of the substrate 10, and the photoresist 30 is

15 coated on side surfaces of the substrate as well, which
show up at the stepped portion A, the side surfaces of
the substrate 10 have thick portions of the photoresist
film 30 formed thereon. Those portions of thé
photoresist £ilm work as an etching preventing f£ilm and

20 an adhering preventing film in a dry etching step and so
on. In this manner, not only the film thickness of the
photoresist £ilm 30 on the top surface 20 to be processed
can be equalized, but also the etching preventing film
and adhering preventing film can be simultaneously

25 formed, in a sufficient manner; on the side surfaces
which must not be processed.

In addition, the gas is blown over the photoresist 30



20 slider

1 and magnetic transducing el enents 2. Supposing a | ongitudi nal

direction L and a width direction Won a nedi um opposi ng surface, the

slider 1°has at |east one rail portion 101 or 102 which

| ongi t udi nal
The rail portions 101 and 102 have the side of the mediur) opposigh EER 11986
provided with air bearing surfaces 103_afg recesses 104 an@? Sve-Hhrear e i

yom—an_l

T iile ’
direction L on the side of the medi um opposilhGEPLAGEMENT SHEET

beari ng surfaces 103

10

15

20

25

on the top surface 20, causing the gas flow 70 to draw
the photoresist 30 coated on the top surface 20 of the
substrate 10 and to blow away unnecessary portions of the
photoresist 30. As a result, the portions of the
photoresist 30 on the side surfaces are made further
thicker to enhance the functions of the etching
preventing f£ilm and the adhering preventing £ilm.

Now, a case wherein the photoresist film forming
method according to the present invention is applied to
micromachining technology of an air bearing surface of a
magnetic head will be described in detail.

Various magnetic heads wherein a peculiaflshape i;
applied to an air bearing surface have been proposed to
minimize a skew angle dependency in flying
characteristics in a magnetic head to keep flying height
constant and stabilize a flying posture from the inner
periphery to the outer periphery of a magnetic disk, or
to improve magnetic recording/readout characteristics.

In e.g. JP-A-60-101781, there is disclosed a magnetic
head slider wherein slider rails have the central rail in
the longitudinal direction formed to be narrower in width
than the opposite end rails to minimize the skew angle
dependency.

In JP-A-4-356765, there is disclosed a magnetic head
wherein rail portions have an upper surface formed with
an air bearing surface having an inner edge and outer

edge, and the inner edge and the outer edge are converged



- 15 - are formed over the entire length in the longitudinal direction L

The magnetic transducing elenents 2 are provided in a side surface at one
end surface of the slider 1 in the 5 longitudinal directio - an
extension of the rail portions 101 and 102. The magnetic traRERLACBMENT SHEET
el ements 2 are generally constituted by thin filmelenments. The q}gpfgﬁc§@s
transduci ng el enents 2 nay be an inductiv;ilype, an MR (nagnBater.esi.s C
effect) type or a conbination 10 t heredt? ~Those el ements

constituted by thin film
from a front edge of the slider toward points of

inflection ana are diverged from the points of inflection
toward the rear edge of the slider to restrict a
fluctuation in flowing characteristics with respect to

5 skew angles. In JP-A-2-246067, there is disclosed a
slider for a magnetic disk device, wherein rails are
formed to get gradually narrower in width from an air
inlet end toward an air outlet end. |

In addition, in JP-A-4-274014, there is disclosed a

10 technique wherein a pole portion formed on an air bearing
surface has an end portion in a width direc;ion or a
thickness (longitudinal) direction formed with a rece;s
having a minute depth, setting the width of the pole
portion in a track direction with high-gccuracy, or

15 improving electromagnetic conversion characteristics.

As another technique in addition to the prior art
stated above, there has been known a TPC (Transverse
Pressurization cOntéur) type of slider. The TPC type of
slider has been disclosed in JP-A-61-278087, JP-U-57-

20 122063 (Japanese Utility Model Application No. 56-5818),
USP 4673996, USP 4870519 and so on. The TPC type of
slider has side portions of rail portions formed with
minute recesses over their entire length. When the TPC
type of slider is incorporated into a rotary actuator

25 type of magnetic recording and reproducing device, air
flow entering from a lateral direction creates a 1lift

dynamic pressure in the recesses at a position having a



el ements which are produced by a process simlar to an I C fabrication
technology. In addition, the present invention is applicable not only to a

| ongi tudi nal nagnetic recordi ng system but al so a per pendjcotar 5
magnetic recording system The rail portions 101 and 102 pritERYAGEMENT SHEET

pairs as a general structure, and the rail portions are i}?l%e rm 1898
paral l el , having a gap therebetween. In ch a case, the tne e thei ----- )

rail portions 101 and 102 forns 20 a sl 7106 which drops fromtne &t
bearing surfaces 103 and the recesses 104. The air bearing surfaces 103
have great skew angle, to prevent a decrease in flying height
at the great skew angle position, keeping a constant
flying height from the inner periphery to the outer
periphery of a magnetic disk and stabilizing a f£lying
5 posture.

Application of such a shape to the air bearing
surface has to be carried out by micromachining
technology. In conventional measures for the
micromachining technology, a required fine shape has been

10 obtained by coating a photoresist on an air bearing
surface as a surface to be processed, us1ng a
photolithographic process to subject the photore51st fllm
to patterning to get a pattern required for processing,
and then carrying out etching. Etching ,is normally

15 carried out by a dry etching step such as milling, and
the photoresist is coated by a dip-coating process or a
spin-coating process or the like.

One of the problems in the conventional technology as
stated above is that since the dip-coating process or the

20 spin-coating process is adopted as the photoresist
coating process, and the photoresist film obtained by
such a coating process is subjected to the
photolithographic process, the photolithographic process
has been forced to be carried out on the phétoresist film

25 which has such an uneven film thickness that the film
heaves at an edge portion on the substrate. The

photolithographic process under the uneven state in the



tapered surfaces 107, respectively, on the other end which is opposite to
the ,end gurface where the magnetic transducing elenments 2 are positioned.
One rail portion, 25 or nore than two rail portions may vi ded.

Reference nunerals 21 and 22 designate take off el ectrodef.reppal
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£ilm thickness creates a decrease in patterning
precision. In JP-A-3-190215, there is disclosed a
technique as measures té solve the problem in the spin-
coating process, wherein a rectangular substrate to be
5 processed has one edge portion cut out in a slant shape,
and the substrate is set in such a manner that the
slanted edge portion is directed to a rotational
direction between the center of rotation and a peripheral
edge portion on a spin holder, which requires use of a
10 special substrate to be processed. |
The photoresist film forming method according to the
present invention is applicable to wvarious micromachi;ing
techniques stated above, and can solve the problem as
discussed above. s
15 In Figure 10, there is shown a perspective view
showing an example of the magnetic head which can be
obtained by the producing method according to the present
invention. 1In Figure 10, dimensions are exaggerated.
Referring to Figure 10, the magnetic head includes a
20 slider 1 and magnetic transducing elements 2. Supposing
a longitudinal direction L and a width direction W on a
medium opposing surface, the slider 1 has at least one
réil portion 101 or 102 which extend in the longitudinal
direction L on the side of the medium opposing surface.
25 The rail portions 101 and 102 have'ﬁhe side of the medium
opposing surface provided with air bearing surfaces 103

and recesses 104 and 105. The air bearing surfaces 103



The production nethod according to the present invention is applicable to
form ng the recesses 104 and 105 as stated above. ‘A specific exanple wll
be explalned with reference to Figures 11 through 18. 5 First, a
magneti ¢ head assenbl age 10 is arranged on the supporter ' :
Figure 11. The magnetic head assenbl age 10 is constituted [pPRERLAGEMENT SHEET
plurality of nagnetic head el enents M1 MLn in one diregkion, Wﬁf%%?ﬁwﬁ
pl aced on the supporter 50 in such a 10 %%nner t hat surf ageBatef..Lhe.......0w.

~magnetic head elements MI - Mn to be processed as nediu
surfaces are are formed over the entire length in the longltudlnal

direction L.

The magnetic transducing elements 2 are provided in a

side surface at one end surface of the slider 1 in the

5 longitudinal direction L, and on extehsion of the rail
portions 101 and 102. The magnetic transducing elements
2 are generally constituted by thin film elements. The
magnetic transducing elements 2 may be an inductive type,
an MR (magnet-resistance effect) type or a combination

10 thereof. Those elements can be constituted by thin film
elements which are produced by a process similar to an IC
fabrication technology. In addition, the présent' ’
invention is applicable not only to a longitudinal
magnetic recording system but also a perpendicular

15 magnetic recording system.

The rail portions 101 and 102 are provided in pairs
as a general étructure, and the rail portions are mostly
formed in parallel, having a gap therebetween. In such a
case, the gap between the rail portions 101 and 102 forms

20 a slot 156 which drops from the'air'bearing surfaces 103
and the recesses 104. The air bearing surfaces 103 have
tapered surfaces 107, respectively, on the other end
which is opposite to the end surface where the magnetic
transducing elements 2 are positioned. One rail portion,

25 or more than two rail portions may be provided.

Reference numerals 21 and 22 designate take off

electrodes.



directed upward. It is preferable that a polishing step for air bearing
surfaces and a process for applying tapered surfaces to the air bearing
surfaces have been 15 carried out before the process accor 1
present invention is carried out. Next, the photoresist 30 |j REPLACEMENT SHRET
top surface 20 of the magneti c head assenbl age 10 and the eppedcfgrpg@qﬁgs

A as shown in Figure 12. Then, the gas_70.is 20 bl own over Ratepiot-or-est-a¥ - . _
30 to make it filmy as shown in Figure 13" As a result, the magnetic head

assenbl age 10 is obtai ned which has the medi um opposi ng surfaces as
The production method according to the present

invention is applicable to forming the recesses 104 and
105 as stated above. A specific example will be
explained with reference to Figures 11 through 18.

5 First, a magnetic head assemblage 10 is arranged on
the supporter 50 as shown in Figure 1ll. The magnetic
head assemblage 10 is constituted by arranging a
blurality of magnetic head elements M1l - Mln in one
direction, and are placed on the supporter 50 in such a

10 manner that surfaces of the magnetic head elements M1l -
Mln to be processed as medium opposing surfgces are
directed upward. It is preferable that a poiishing séep
for air bearing surfaces and a process for applying
tapered surfaces to the air bearing surfaces have been

15 carried out before the process according to the present
invention is carried out.

Next, the photoresist 30 is coated on the top surface
20 of the magnetic head assemblage 10 and the stepped
portions A as shown in;Figure 12. Then, the gas 70 is

20 blown over the photoresist 30 to make it filmy as shown
in Figure 13. As a result, the magnetic head assemblage
10 is obtained which has the medium opposing surfaces as
the air bearing surfaces coated by the photoresist f£film
30 with a thin and even film thickness. This can give a

25 basis for applying shape processing to the air bearing
surfaces with high-accuracy in a step explained later on.

Because the magnetic head assemblage 10 is mounted on



the air bearing surfaces coated by the photoresist film30 with a thin and
even filmthickness. This can give a 25 basis for applying shape processing
to the air bearing surfaces with high-accuracy in a step e _
on. Because the nagnetic head assenbl age 10 i s nounted on || REPLACEMENT SHEET
supporter 50 so that the stepped portions A are produced t ween aQFF
Supporti ng Surface 51 Of the _ 17 _ Date ............... .E.. wos

the supporter 50 so that the stepped portions A are
produced between the supporting surface 51 of the
supporter 50 and the top surface 20 of the magnetic head
assemblage 10, and.the photoresist 30 is coated on the
5 side surfaces of the assemblage which show up at the
stepped portions A, the photoresist f£ilm 30 is formed on
the side surfaces of the magnetic head assemblage 10 in a
thick manner. The photoresist £ilm 30 on those side
surfaces works as an etching preventing f£ilm and an
10 adhering preventing film in a dry etching step and so on.
In that manner, the film thickness of the photoresist
film 30 on the top surface 20 as a surface to be .
processed can be eqﬁalized, and simultaneously the
etching preventing film and the adhering preventing film
.15 can be obtained at the side surfaces not required for
process, in a sufficient manner.
In addition, the gas 70 is blown over the photoresist
30 on the surface 20, causing the gas flow to draw the
photoresist 30 coated on the top surface 20 of the
20 magnetic head assemblage 10 and to blow away an
unnecessary portion of the photoresist. As a result, the
photoresist 30 on the side surfaces is made further
thicker, highly enhancing the functions of the etching
preventing £ilm and the adhering preventing film. Next,
25 a photomask 90 is put on the photoresist £ilm 30 formed
on the top surface of the magnetic head assemblage 10,

and the exposure is done as shown in Figure 15. The



supporter 50 and the top surface 20 of the magnetic head assenbl age 10, and
t he photoresist 30 is coated on the 5 side surfaces of th '
show up at the stepped portions A, the photoresist film3 iREPLACMNQTsHé‘E%
side surfaces of the nmagnetic head assenblage 10 in a thi manner . The
photoresist film 30 on those side surfaces works as an et hDﬁ@:pibﬁeEEEﬂEBﬁ,
filmand an 10 adhering preventing film4{gp a dry etching St
that manner, the filmthickness of the photoresist film30 on the top
surface 20 as a surface to _be processed can be equalized, and i
sinultaneousIPhPﬁémaSk 90 has a pattern which is required to obtain

the recesses 104 and 105, the slot 106 and so on in the
magnetic head shown in Figure 10.
After the photoresist film is subjected to patterning
5 by development, dry etching is carried out, using the
remaining photoresist film 30 as a mask as shown in
Figure 16. A typical example of dry etching is milling.
Since the magnetic head assemblége 10 has the side
surfaces coated with the thick photoresist film 30 as
10 shown in Figure 18, fine particles which have been
produced form the magnetic head assemblage 10 by the dry
etching can prevent from adhering on both side surfaé;s
of the magnetic heéd assemblage 10, from which the
sliders are produced. As a result, there is no
15 possibility that damage due to a magnetic head adhering
particle is given to a magnetic disk or a magnetic head.
The recesses 104 and 105, and the slot 106 are formed
through. the dry etching step as shown in Figure 17.
After necessary machining process is carried out, and the
20 magnetic head elements M1 - Mn are discretely cut out.
Although detailed explanation is omitted, the present
invention is significantly useful as measures to form a
recess in a case wherein a pole portion formed on the air
bearing surface has an end portion in a width direction
25 or a thickness (longitudinal) direction formed with a
recess having a minute depth, to set the width of the

pole portion in a track direction with high-accuracy or



etching preventing filmand the adhering preventing film 15 can be obtai ned
at the side surfaces not required for process, in a sufficient manner. In
addition, the gas 70 is bl own over the photoresist 30 Onr—h;—ev——%*9“"§
causing the gas flow to draw the photoresi st 30 coated CW‘RERLAQ&M SHEET
20 of the 20 magnetic head assenbl age 10 and to bl ow awal} an UTP§C€§$3BQB
portion of the photoresist. As a resull,léhg photoresist[amnmnm. 2%, 5108 s
surfaces is nade further thicker, highly enhancing the fbtFeH

etching preventing filmand the adhering preventing film Next,
to improve electromagnetic conversion characteristics.

o S Y W Y S . SR R
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Obviously, numerous modifications and variations of
the pfesent invention are possible in light of the above
teachings. It is therefore to be understood that within

5 the scope of the appended claims, the invention may be
practiced otherwise than as specifically described

herein.



25 a photomask 90 is put on the photoresist film30 formed on the top

surface of the magnet+e—head assenbl age 10, and the exposure i s done as
shown in F|gure 15. hot omask 90 has a patt

required to obtain “ﬂﬂ H“‘Hﬂmﬂ and 105, the slot 106 ||aagpstr ]
magneti ¢ head sho ﬂgﬁgk,és
to patterning - 20 -

10

15

20

gume $0.*After the photoresist ffjfimis

WHAT IS CLAIMED IS:

1. A method for forming a photoresist £ilm on a
substrate, comprising:

mounting a substrate on a supporting surface of a
supporter so that a.stepped portion is produced between
the supporting surface and a top surface of the
substrate;

coating a photoresist.on the top surface and a side
surfaée of the substrate, the side surface showing up at
the stepped portion; and then;

blowing gas over the photoresist on the.top surface
to make the photoresist filmy. : i
2. A method for forming a photoresist f£ilm according to
Claim 1, further including use of a gas supply nozzle,
the gas supply nozzle scanned relatively with respect to
the top surface of the substrate.
3. A method for forming a photoresist film according to
Claim 1, wherein the substrate includes a magnetic head
assemblage wherein a plurality of magnetic head elements
are arranged in a direction; and wherein the top surface
is constituted by surfaces of the magnetic head elements,

which are used as medium opposing surfaces, respectively.



5 by devel opnent, dry etching is carried out, using the renaining
photoresist film30 as a nask as shown in Figure 16. A typical exanple of
dry etching is mlling. Since the magnetic head assenbl age=2f-hes—Fe=sTU0
surfaces coated with the thick photoresist film30 as |l| ﬁéﬂ\_lKCEMEM&UFET
18, fine particles which have been produced formthe magneti c Reg
assenbl age 10 by the dry etching can prevent from adherily
surfaces of the nmagnetic head assenbl age 10, from whi ch [the=si=FF '
produced. As a result, there is no 15 gossibility that danage due to a
magneti ¢ head adhering -_—
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particle is given to a magnetic disk or a magnetic head. The recesses 104
and 105, and the slot 106 are formed through the dry etching step as shomn
in Fi gure 17. After necessary nachining process is carried_qu ——anpd-—the
magnetic head el enments ML - Mh are discretely cut out. At LA¢MNT68HEET
explanation is omtted, the present invention is significajft usegﬂé ﬁzs 5
measures to forma recess in a case wherein a pole portion f,—_gg[@g_ ). E 9
air bearing surface has an end portion in a width directi o=25=s
t hi ckness (longitudinal) direction forned with a recess having a ninute
depth, to set the width of the 2

re—
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pole portion in a track direction w th high-accuracy or -19- to inprove
el ectromagneti c conversion characteristics. Oobviously, numerous
nodi fications and variations of the present invention are '
of the above teachings. It is therefore to be understood tfhatepMACEMENT'SHEET
scope of the appended clains, the invention nmay be practicgd ot heo\g ?gstmg
as specifically described DALE Lueuetummicreemsereerr.
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her ei n. - 20- WHAT IS CLAIMED I'S: 1. A nethod for forni ng a phot oresi st
filmon a substrate, conprising: nounting a substrate on a supporting
surface‘*of a 5 supporter so that a stepped portion is prodpced between the

supporting surface and a top surface of the REPLACEMENT g
/ HEET

FIGURE 10




substrate; coating a photoresist on the top surface and a side surface of
and

the substrate, the side surface showng up at 10 the stepped por

tion;

t hen; bl owi ng gas over the photoresist on the top surface to make the

photoreS|st filmy. 2. A nmethod for form ng a photoresist
Caim1l1, further including use of a gas supply nozzle, 1
nozzl e scanned relatively with respect to the top surfac
3. Anethod for formng a photoresist filmaccording to
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Caim1l1, wherein the substrate includes a magnetic head assenbl age wherein
a plurality of magnetic head elenents 20 are arranged in a direction;-and
wherein“the top surface is constituted by surfaces of the rragnetlc head

el enents, which are used as nedi um opposi ng surfaces, ¥ ECLTVELY.
- P HEPLACEMENT SHEET
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FIGURE 18
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ABSTRACT OF THE DISCLOSURE

A method for forming a photoresist film on a
substrate, comprising: mounting a substrate on a
supporting surface of a supporter so that a stepped
portion is produced between the supporting surface and a
top surface of the substrate; coating a photoresist on
the top surface and a side surface of the suybstrate, Epe
side surface.showing up at the stepped portidh; and Egéh;
blowing gas over the photoresist on the top surface to

make the photoresist filmy. ,

Figure 1




