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METHOD FOR PROCESSING SLIDER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for processing
a slider which is employed for chamfering edges of a slider

used for a flying type magnetic head or the like.

2. Description of the Related Art

In general, a flying type magnetic head used in a
magnetic disc drive or the like has a configuration in which a
thin film magnetic head element is formed at the rear end of a
slider. A slider generally has rail portions whose suffaces
face a recording medium (air bearing surfaces) and has a
taper or step portion in the vicinity of the'e'nd at the air inflow
side such that the rail portions fly slightly above the surface
of a recording medium such as a magnetic disc or the like
because of a stream of air flowing in through the taper or stép
portion.

For éxample, as disclosed in Japanese unexamined patent
publication (KOKAI) No. H6-282831’, in order to prevent edges
of a slider such as edges defined by the surfaces of the rail
portions to faée a recording medium and outer lateral walls of

the rail portions from damaging the recording medium when the
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slider is inclined because of a shake or the like, a chamfering
process is performed on the edges of the slider.

For example, as disclosed in Japanese unexamined patent
publication (KOKAI) No. H6-12645, a method for chamfering on
edges of a slider according to the related art is to put the surface
of a slider to face a récording medium into contact with a

diamond lapping sheet provided on an elasticl element with.a

~ load applied thereto and to lap the slider by moving it relative to

‘the diamond lapping sheet.

According to the above-described method for chami"ering, a
slider must be urged against the diamond lapping sheet by
.applying a load thereto. However, a problem has arisen in that
the diamond lappiﬁg sheet can be cut by edges of a slider
especially before the chamfering of the edges of the rail portions
or at an early stage of the chamfering because the l:;ase material
of the diamond lapping sheet is thin.

According to the above-described method for chamfering, it
is further necessary during actual processing to urgé a slider
against the diamond lapping sheet by applying a load to a jig.
On the contrary, the load must not be applied to the jig when the
slider is attached to or rerﬁoved from the processing apparatus.
This necessitates a mechanism for applying the load to the jig

only when needed.
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A possible mechanism for this purpose is a mechanism
having a weight with a shaft portion which can be put into
contact with a jig at the lower end thereof and a large
diameter portion greater in the diameter than the shaft
portion and having a weight holding portion forrhed with a
hole which allows the sha:ft portion of the weight to ?ass
therethrough'and which disallows the large-diameter portion
to pass therethrough and which disallows the large-diameter
portion to pass therethrough, for holding the weight movably
in the axial direction of the shaft portion of the weight with

the hole, the mechanism allowing the weight holding portion

" to be moved up and down.

However, such a mechanism has a i)roblem in that the
weight cannot be smoothly moved relative to the weight
holding portion because the shaft portion of the weight
frequently rubs against the hole of the weight hblding portion

to generate chips (particies).

According to the aboveFdescribed method - for
chamfering, the entire edges of a slider are substantially
uniformly chamfered. |

However, the above-described method for chamfering
had a problem in that it does not allow a part of the edges of

a slider, e.g., a region of the edges at the air inflow side of the
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slider, to be chamfered in a greater amount than in other
regions of the edges even when it is desired.

A slider for a magnetic head is formed by.cutting a wafer

having a multiplicity of magnetic head elements formed in a

matrix configuration in one direction to form blocks referred
to as “bars” which include a plurality of magnetic h-ead-
elements arranged in a row, forming rail portions on the bars
and thereafter cutting the bars into each separate slider.

Referring now to a slider as disclosed in Japanese

unexamined patent publication (KOKAI) No. H6-282831, outer. .

lateral walls of two rail portions serve as lateral walls of a
slider as they are. However, the corifigufatio'n as disclosed in
Japanese patent publication (KOKAI) No. H6-282831 has a
problem in that rail portions can be broken off {chipping) as a
result of mechanical processing to cut bars into sliders.

For this reason, sliders as shown in Fig. 47 have
become popular in which rail portions 213 are formed such

that lateral walls 214 of the rail portions 213 are located

_inside lateral walls 212 of a slider 211 or cut portions of a bar

with a predetermined distance therebetween. A slider having
such a configuration will be hereinafter referred to as “a slider

having a two-step. structure”.
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In such a slider having a two-step structure, chamfering
is also performed on edges of the rail portions. For exampile, -

as disclosed in Japanese unexamined patent publication No.

H6-12645, a methed for chamfering edges of rail pertions.i -

according to the related art is to slide the slider on a-diamond -

lapping sheet provided on an elastic - element. . Fig.. 48~
schematicaily illustrates the method for chamfering according
to the related art. According to the method for chamfering of -

the related art, a plurality of sliders 211 are fixed to a jig 2315 -

.and are slid in two horizontal directions on a diamond lapping -
" sheet 217 provided on a plate-like elastic member 216 formed::---."
-~.: from, fqr example, silicone rubber while urging them ih the -
": direction of the arrow indicated by a reference number 218:in - -

- the figure, thereby ché.mfering edges 219 of rail portions 213.

Fig. 49 is an enlafged view of the neighborhood of edges
219 of rail portions 213 (the region C in Fig. 48) which have
been chamfered according to the method illustrated in Fig. 48.

As disclosed in Japanese unexamined patent publication
(KOKAI) No. H2-301014, another method for chamfering
according to the related art is to a lapping tape is moved back
and forth under the guidan'cé of a guide to thereby slide the

lapping tape relative to rail portions of a slider.
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There is arecent need for a ré’dﬁétion in the flying -

‘amount of a slider in order to improve the recording density.

- There is. also-a need for improved stability of the flying. of a .

- slider .in .order to increase access speed. - Negative-

B 1

. pressure: between the two rail portions thereof. In such- -
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pressure. sliders have recently come -into-~use to satisfy: . "

‘such fi;eeds.;'-f- In general, a negative pressure slider .is,

formed with a projection for generating a negative

" a’ negative :pressure slider, the surface ..t-ow-ard' a -

- recording medium has a microscopic:configuration and,

especially, -t;li_ié-.height of the rail portions is:sighificantly

- 'smaller than:that in conventional sliders. /. a o

In Suchi-:l-*a'-_. hegati:ve' pressure.slider, as showxn :~'-in.'-iEi'-g,' :
50, the small height of the rail portions has results in a
problem in that a recordiﬁg medium 225 can be put into
contact with and dama‘ged_by an edge 224 defined by a
lateral wall 222 of a slider 221 and a surface 223 of the
-slider toward the -récording medium perpendicular
thereto when the slider 221 is inclined. The above-
described problem is siénificant especially in a hard disc
device used in a porfablé apparatus such as a notebook

type personal computer in which the slider is often

inclined.



Under such circumstances, the inventors have

proposed, for example in Japanese unexamined paﬁtent

publication (KOKAI) No. H11-2378214 and U.S. patent

- .-ﬁapplic’ation No. 09/064,734, a _technique_ for lapping and

- chamfering a ‘plurality of edges having steps of a slider

‘simultaneously by transforming a diamond lapping sheet.

using a wire. In this case, since processing accuracy is

"..reduced if the tension of the wire is unstable, the

-..-tension. of the wire must- be made stable in order to

20

25

-improve processing accuracy.

OBJECTS AND SUMMARY OF THE INVENTION
w o Itvis -a first object ‘of the invention to p-rovide

method for:processing a slider which makes. it possible

‘to prevent-an edge of a slider from cutting a lapping

member when the edge of the slider is.lapped with the
lapping member to chamfer the edge. | |
It is a second object of the inventiqn to provide
method for processing a slidef which make it possible to
chamfer A part of ah edge of a slid.er in a greater amount
than in other regions of the edge.
A first method for érocessing a slider according to

the invention comprises the steps of:
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chamfering an edge of a slider having a surface to
face a medium by lapping the edge with a lapping

member for lapping an edge of a slider with the slider

and lapping member moved relative to each other while

applying a load to a slider holder so as to urge the slider
against the lapping member; and |

changing the load applied to the slider holder
depending on the progress of chamfering.

In the first method for processing according to the

invention, the lapping member is, for example, in the

‘form of a sheet.

In the step of changing the load of the first method

-~for processing according .to the invention, the load

'.'.apf.'lied to the slider holder may be increased in a

stepwise manner depending on the progress of

chamfering.

In the method for chamfering according to the
inven.tion, for example, the lapping member may have a
lapping surface, and the step of chamfering may include
the steps of putting the slider in contact with the
laf:ping member with the surface of the slider to face a
medium inclined relative to the lapping surface of the

lapping member and lapping a predetermined edge of the
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slider with the lapping member while moving the slider

and the lapping member relative to each other in a state
in which the slider is in contact with thé lapping
member with- the surface of the slider to face a medium
inclined relati_ve to the lapping surface of the lapping.
In this case, for example, the slider may include a

plurality of edges having steps; the lapping member may

have flexibility; and the step of lapping may

simultaneously lap the plurality of edges having steps of
the slider with the lapping member by transforming the
lapping member. -

In the first method for processing according to the
invention, for example, the lapping member may have a
lapping surface; the step of chamfering may include a
first‘lapping step for lapping a part of an edge of the
slider in contact with the lapping member while moving
the slider and the lapping member relative to each other
in a state in which the slider is in confact with the
lapping member with the surface of the slider to face a
medium inclined relative to the lapping surface of the
lapping member and a4 second lapping step for lapping a
part of the edge of the slider in contact with the lapping

member while moving the slider and the lapping member
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relative to each other in a state in which the slider is in |
contact with the lapping member with the surface of the
slider to face a medium in parallel with the lapping
surface of the lapping member.

In this case, for example, the slider may include a
plurality of edges having steps; the lapping member may
have flexibility; and the first lapping step may
simultaneously lap the pluraiity of edges having steps of
the slider with the lapping member by transformihg the
lapping member. The second lapping step may lap the
plurality of edges having.steps of the slider with the
lapping m.ember by transforming the lapping member.
For example, the slider may include a plurality of edges
having steps, and the first lapping step may include the
steps of lapping the edges of the slider with the lapping
member without transforining the lapping member and
simultaneously lapping the plurality of edges having.'
steps of the slider with the Ilapping member by
transforming the lapping member having flexibility. The
first lapping step may chamfer at least a part of an edge
in contact with the lapping member into a slanting

surface, and the second lapping step may chamfer the
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edge chamfered into a slanting surface at the firét
lapping step into a curved surface.

A second method for processing a slider according
to the invention is a method for lapping an edge of é.
slider having a surface to face a medium to chamfer the
edge, including the steps of: |

putting a slider in contact with a lapping member
with a surface of the slider to face a medium inclined
relative to a lapping surface of the lapping member for
lapping an edge of the slider; and |

moving the slider and the lapping member relative
to each other in a state in which the slider is in contact
with the lapping member with the surface of the slider to
face a medium inclined relative to the lapping surface of
the lapping member to lap a predetermined edge of the
slider with the lapping member.'

In the second processing method according to the
invention, for example, the slider may inclu..de a plurality
of edges having steps, and the lapping mémber may have
flexibility. The lapping step may simultaneously lap a
plurality of edges ha§ing steps of a slider by

transforming the lapping member.
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A thifd method for processing a slider according to
the invention is a method for lapping an edge of a slider
having a surface to face a medium to chamfer the edge,
including:

a first lapping step for lapping a part of an edge of
a slider in contact at the lapping member while moving
the slider and the lapping member relative to each other
in a state in which the slider is in contact with the

lapping member with a surface of the slider to face a

- medium inclined relative to a lapping surface of the

lapping member; and

a second lapping step for lapping a part of an edge
of the slider in contact with the lapping member while
moving the slider and the lapping member relative to
each other in a state in which the slider is in contact
with the lapping member with the .surface of the slider to
face a medium in parallel with the lapping surface of the
lapping member.

In the third method for processing according to the

invention, for example, the slider may include a plurality

.of edges having steps; the lapping member may have

flexibility; and the first lapping step may simultaneously

lap the plurality of edges having steps of the slider with
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the lapping member by transforming the lapping
membe;r. The second lapping step may lap the plurality
of edges having steps of the slider with the lapping
member by transforming the lapping member. - For
example, the slider may include a plurality of edges
having steps, ahd the first lapping step may include the
steps of lapping the 'edées of the slider with the -laﬁping
member without transforming the lapping member. and

simultaneously lapping the 'plurality of edges having

~steps of the slider with the lapping member by

transforming the lapping member having flexibility. The
first lapping step majr chamfer at lest a pért of an -edge
in- contact with the lapping member into a slanting
sufface, and the second lapping step may chamfer the
edge chamfered into a slanting surface at the first
lapping step into a curved surface.

Other objections, features and advantages of the
invention will become clear enough from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially cutaway front view of a slider

processing apparatus according to an embodiment of the

invention.

ThlS Sheet Has Been Replac
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Fig. 2 is a right side view of the apparatus in Fig.

Fig. 3 is an enlarged front view of the apparatus in
Fig. 1 showing the neighborhood of an X-Y table.

Fig. 4 is a right side view of the region shown in
Fig. 3.

Fig. 5 is a front view of a Y-direction swing width
aﬂjusting member in Fig. 1.

Fig. 6 is a side view of the member shown in Fig. 5.

Fig. 7 is a front view of the Y-direction swing width
adjusting member in Fig. 1.

Fig. 8 is a side view of the member shown in Fig. 7.

Fig. 9 illustrates a movément of a slider holding jig
setting plate in Fig. 2.

Fig. 10 illustrates a sensor fbr detecting the
presence or absence of the slider holding jig setting

plate shown in Fig. 9.

Fig. 11 is a side view of a wire winding block in Fig.

Fig. 12 is a front view of the wire winding block in

Fig. 1.
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Fig. 13 is a perspective view showing an elastic
member used in the wire winding block shown in Fig.
11.

Fig. 14 is a perspective view showing a
transforming member used for the wire winding block
shown in Fig. 11.

Fig. 15 is a perspective view showing the wire

winding block shown in Fig. 11 and a rubber sheet and a

'diamond lapping sheet provided thereon.

Fig. 16 is a front 'view showing a plate used in
place of the wire_ winding block shown in Fig. 11 and a
rubber sheet provided thereon.

Fig. 17 illustrates an example of a method for
providing a rubber sheet and a diamond lapping sheet
on the wire winding block shown in Fig. 11.

Fig. 18 is a plan view showing a state wherein a
rubber sheet and a diamond lap_ping' sheet are stretched
on the wire winding block according to the method
illustrated in Fig. 17.

Fig. 19 is a front view of the state shown in Fig. 18.

Fig. 20 is a plan view of a slider holding jig setting
plate used in a processing apparatus according to an

embodiment of the invention.
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Fig. 21 is a sectional view taken along the line 21-
21 in Fig. 20.

Fig. 22 is a plan view of another slider hdlder jig
setting plate used in a processing apparatus according
to an embodiment of the invention.

Fig. 34 is a sectional view taken along the line 23-
23 in Fig. 22.

Fig. 24 is a perspective view of an example of a
slider processed by a processing apparatus accorciing to
an embodiment of the invention. | | -

Fig. 25 i$ a sectional view showing the
neighborhood of the slider during the processing performed

by the processing apparatus according to the embodiment of

‘the invention.

Fig. 26 is an enlaréed illustration of the region C in Fig.
25.

Fig. 27 is a sectional view of a load appiying portion in
Fig. 1 taken from the front side thereof.

Fig. 28 is a sectional view of the load applying portioh in.
Fig. 1 taken from a side thereof.

Fig. 29 is a sectional view of a weight holder shown in

Fig. 28 with spiral grooves formed on the holes thereof.

This Sheet Has Been Replaced
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Fig. 30 is a sectional view showing the operation of a
load applying portion in Fig. 1.

Fig. 31 is a sectional view showing the operation of the

load applying portion in Fig. 1.

Fig. 32 is a sectional view showing the operation of the
load applying portion in Fig. 1

Fig. 33 is a sectional view showing the operation of the
load applying portion in Fig. 1 |

Fig. 34 is a sectional view illustrating a first step of
chamfering of a processing method according to an
embodiment of the invention.

Fig. 35 is a sectional view illustrating a second step of "
chamfering of the processing method according to the
embodiment of the invention.

Fig. 36 is a sectiona_ll view illustrating a third step of
chamfering of the processing method according to the
embodiment of the invention.

Fig. 37 is a sectional view illustrating another method for
chamfering presented for comparison with the processing
method according to the embodiment ot; the invention.

Fig. 38 is a sectional view illustrating still another

method for chamfering presented for comparison with the
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processing method according to the embodiment of the
invention.

Fig. 39 illustrates an example of the shape of an edge of
a slider at an air inflow side thereof which has been chamfered
according to the method shown in Fig. 37 or 38.

Fig. 40 illustrates an example of the shape of an edgé- of
a slider at an air inflow side thereof which has been chamfered
in three steps according to an embodiment of the invention.

Fig. 41 illustrates a slider holding jig according to an

embodiment of the invention wherein a lateral wall of the slider

holding jig and a lapping surface of a diamond lapping sheet
define an angle of 60°.

Fig. 42 illustrates an example of the shape of an edge
after the second step of chamfering in the case shown in Fig.
41.

Fig. 43 illustrates an example of the shape. of the edge
after the third step of chamfering in the case shown in Fig. 41.

Fig. 44 illustrates a slider holding jig according to an
embodiment of the invention wherein a lateral wall of the slider
holding jig and a lapping surface of a diamond lapping sheet

define an angle of 75°.
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Fig. 45 illustratcs an example of the shape of an edge
after the second step of chamfering in the case shown in Fig.
44. .

F1g 46 illustrates an example of the shape of the edge
after the third step of chamfering in the case shown in Fig. 44.

Fig. 47 is a perspective view showing an example of | a
;:onﬁguration of a slider.

| Fig. 48 schematically illustrates a method for chamfering
a slider according to the related art.

Fig. 49 is an enlarged illustration of a region C in the
vicinity of edges of rail portions which have been chamfered
according to the method shown in Fig. 48.

Fig. 50 illustrates a mode of inclination of a slider.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

A preferred embodiment of the invention will now be
described with refefence to the drawings.

Fig. 1 is a partially cutaway front view of a slider

processing apparatus according to an embodiment of the

invention. Fig 2 is a right side view of the apparatus shown in

Fig. 1. Fig. 3 is an enlarged front view of the apparatus in Fig.
1 showing the neighborhood of an X-Y table. Fig. 4 is a right

side view of the region shown in Fig. 3. A processing
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apparatus 10 according tot he present embodiment is an
apparatus for lapping an edge of a slider to chamfer the edge.
The present embodiment will refer to an example of a slider
used for a thin film magnetic head.

The processing apparatus 10 has an apparatus main
body 11. An operation panel 23 is provided on the front end
thereof. A base portion- 12 is provided on the apparatus main.
body 11. There is provided and X-Y table 13 whose top surface
can be moved in an .X-direction (the horizontal direction
indicated by the arrow in Fig. 1) and a Y-direction (the
horizontal direction indicated by the arrow in Fig. 2) on the
base portion 12. The X-Y table 13 corresponds to the moving
means (device) according to the invention.

The X-Y fable 13 has a fixed plate 14 fixed to the base
poftion a Y-direction swinging plate 15 providéd on the fixed
plate 14, a plate 16 fixed on the Y-direction swinging plate 15,
an X-direction swinging platé 17 provided on the plate 16 and
a plate 18 provided on the X-direction swinging plate 17.

As shown in Fig. 3, guides 19 with a bearing extending in

‘the Y-direction are provided at both ends of the top surface of

the fixed plate 14 in the X-direction. Engaging portions 20
extending in the Y-direction in movable engagement with the

guides 19 provided on the fixed plate 14 are provided on both

Th1s Sheet Haé Been Replaced
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ends of the bottom surface of the Y-direction swinging plate 15

in the X-dirécﬁon. __The Y-direction swinging plate 15 is moved
in the Y-direction when the engaging portions 20 move along
the guides 19 on the fixed plate 14.

As shown iﬁ Fig. 4, guides 21 with a bearing extending in
the X-direction are provided at both ends of the top surface of
the plate 16 in the Y-direction. Engaging portions 22
extending in the X-direction in engagement with the guides 21
provided on the plate 16 are provided on both ends of the
bottoﬁ surface of the X—directioﬁ swinging. i)lafe 17 in the Y-
direc&ion. The X-direction when the engaging portions 22
move along the guides 21 on the plate.

A plurality of wire winding blocks 30 are secured on the
plate 18. | The wire winding blocks 30 corresponds to the
transforming device or auxiliary device for processing a slider
according to the invention. A configuration of the wire winding
blocké 30 will be described later in detail.

As shown in Fig. 3, a Y-direction swinging motor 40 is
provided in the apparatus maiﬁ body 11. A disc 42. is attached
to a rotating shaft 41 of the Y-direction swiﬂging motor 40 in
the apparatus main body 1.1. A swing origin sensor 43 is
provided in the apparatus main body 11 such that it

sandwiches the disc 42. For example, a hole is provided in a

:This Sheet-Has Been Repl
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predetermined location of the disc 42, and a transmission type
photo-sensor incorporating an amplifier is used as the swing
origin sensor

43. In this case, the swing origin sensor 43 detects the
position of the hole of the disc 42 to detect an origin of a swing
in the Y-direction.

A rotating shaft 45 for a swing in the Y-direction is
coupled to the upper end of the rotating shaft 41 of the Y-
direction swinging motor 40 through a Y-direction swing width
adjusting member 44 in a position higher than the top surface
of the base portion 12. The Y-direction swing width adjusting
merhb‘er 44 is capable of offsetting the rotating shaft 41 of the
Y-direction swinging motor 40 and Y-direction swinging
rotating shaft 45 and capable of adjusting the offset. A cam 46
having a bearing is attached to the upper end of the Y-
direction swinging rotating shaft 45. A guide 47 extending in
the X-direction for guiding the cam 46 is provided on the top
surface of the base portion 12. The Y-direction swing width
adjusting member 44 is capable of offsetting the rotating shaft
41 of the Y-directidn swinging motor 40 and the Y-direction
swinging rotating shaft 45 and capable of adjusting the offset.
A cam 46 having a bearing is attached to the upper end of the

Y-direction swinging rotating shaft 45. A guide 47 extending

ThlS Sheet Has Been. Repl
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in the X-direction for guiding the cam 46 is provided on the top
surface of the Y-direction swinging plate 15. When the
rotating shaft 41 of the Y-direction swinging motor 40 and the
rotat'i.ng shaft 45 for a swing in the Y-direction are offset, the
cam 46 is rotated by a rotation of the Y-direction swinging
motor 40, and a movement of the cam 46 along the guide 47
swings the guide 47, plate 16 and Y-direction swinging plate
15 in the Y-direction. The base portion 12, fixed plate 14, Y-
direction swinging plate 15 and plate 16 are formed with a hole
through which the Y-direction swinging rotating shaft 45 is
inserted. |

An X-djrection swinging motor 50 is provided in the
apparatus main body 11. A disc 52 is attached to a rotating
shaft 51 of the Y-direction swinging motor 50 in the apparatus
main body 11. A swing origin sensor 53 is provided in the
apparatus main body 11 such that it sandwiches the disc 52.
For example, a hole is provided in a predetermined location of
the disc 52, .and a . transmission type photo-sensor
incorporating an amplifier is used as the swing origin sensor
53. -In this case, the swing origin sensor 53 detects the
position of the hole of the disc 52 to detect an origin of a swing
in the X-direction. | _ |

/—K '
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According to the present embodiment, the origins of
swings n the Y- and X—directio'ns are detected by the swing
origin sensors 43 and 53 to return the position of the X-Y table
13 origin of swinging, which always keeps the position of X-Y
table 13 constant when processing is started. This eliminates
any variation of results of processing. |

A rotating shaft 55 for a swing in the X-direction is

coupled to the upper end of the rotating shaft 51 of the X-

direction swinging motor 50 through an X-direction swing

width adjusting member 54 in a position higher thén the top
surface of the base portion 12. The X-direction swing width
adjusting member 54 is capable of offsetting the rotating shaft
51 of the X-direction swinging motdr 50 and the X-direction
swinging rotating shaft 55 and capable. of adjusting the offset.
A cam 56 having a bearing is attached to the upper end of the
X-direction swinging rotating shaft 55. A guide 57 extending
in thé Y-direction for guiding the cam 56 is provided on the
bottom surface of the X-direction swinging plate 17. When the
rotating shaft 51 of the X-direction swinging motor 50 and the
rotating shaft 55 for a swing in the X-direction are offset, the
cam 56 is rotating by a rotating of the X-direction swinging
motor 50, and a movement of the cam 56 along the guide 57
swings the ‘guide 57, X-dir_ection swinging plate 17 and plate

Thls Sheet Has Been Rep
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18 in the X-direction. The base portion 12, fixed platé 14, Y-
direction swinging plate 15 and plate 16 are formed with a hole

through which the X-direction swinging rotating shaft 55 is

 inserted.

A configuration and operation of the Y-direction swing
width adjusting member 44 will now be described with
reference to Figs. 5 through _8. Fig S is a front view of the Y-
direction swing width adjusting member 44 taken when the
offset between the rotating shaft 41 of the_Y-direction swinging
motor 40 and the Y-direction sWinging fotating shaft 45 is
zero, and Fig. 6 is a side view of the member shown in Fig 5.
Fig 7 is a front view of the Y-direction swing width adjusting

member 44 when the offset between the rotating shaft 41 of

~ the Y-direction swinging motor 40 and the Y-section swinging

rotating shaft 45 is a predetermined quantity greater than
zero, and Fig. 8 is a side view of the member shown in Fig. 7.
The Y-direction swing width adjusting member 44 is
equipped with a fixed portion 61 fixed to the upper end of the
rotating shaft 41 of the Y-direction swinging motor 40 and
having a groove extending in 6ne direction, a movable portion
62 movably contained in the groove of the fixed portion 61 and
fixed to the lower end of the Y-direction swinging rotating shaft

45, a driving screw 63 attached to a side of the fixed portion
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61 for moving the movable portion 62 relative to the fixed
p;thion 61 and a fixed screw 64 attached to another side of the
fixed portion 61 for fixing the movable portion 62 to the fixed
portion 61.

With the Y-direction swing width adjusting member 44,
the movable portion 62 can be moved relative to the fixed
portion 61 by rotating .the- driving screw 63 and the movable
portion 62 can be fixed to the fixed portion 61 by fastening the
fixing screw 64.

When the Y—difection sﬁnging motor 40 is driven with
zero offset between the- rotating shaft 41 of the Y-direction
swinging motor 40 and the Y-direction swinging rotating shaft
45 as shown in Figs. 5 -and 6, the Y-direction swing width .
adjusting member 44 clauses the Y-direction swinging rotating
shaft 45 to only rotate and remain in the same position.
Therefore, the resulting swing width of the Y-direction
swinging plate 15 is zero. |

When the Y-direction sWinging motor 40 is driven with
an offset of a predetermined quantity greater than zero
between the rotating shaft 41 of the Y-direction swinging motor
40 and the Y-direction swihging rotating shaft 45 as shown in
Figs. 7 and. 8, the Y-direction swing width adjusting member

44 causes the Y-direction swinging rotating shaft 45 to rotate
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eccentrically to the rotating shaft 41, which consequently

causes the Y-direction swinging plate 15 to swing. In this
case, the swing width of the Y-direction swinging rotating shaft
45.

The configuration and operation of the X-direction swing
width adjusting member 54 are the same as those of the Y-
direction swing width adjusting member 44.

In the present embodiment, the speed- of rotation of the
Y-direction swinging motor 40 is controlled within a range from
O to 40 rpm, and the speed of rotation of the X-direction
swinging motor 50 is controlled within a range from 0 to 30
rpm.

In the present embodiment, the swing width of the Y-
direction swinging plate 15 is controlled within a range from O
to 15 mm, and the swing width of the X-direction swinging
plate 17 is controlled within a range from 0 to 30 mm.

As shown in Fig 1, two rail portions 29 extending in the

. Y-direction are secured on the base portion 12 in positions on

both sides of the X-Y table 1'3_ in the horizontal direction
theréo_f. A guide 71 extending in the Y-direction is provided on
each of the raid portions 29.

A slider holding jig setting plate 70 is provided above the

X-Y table 13. The slider 'holding jig setﬁng plate 70 is provided

This Sheet.Has Been Rep lac.
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to position a slider holding jig 80 for holding a slider. The

“slider holding setting plate 70 corresponds to the positioning

device or auxiliary device for p-rocessing- a ‘slider according to
the invention. The slider holding jig 80 corresponds to the

slider holder according to the invention. Engaéing portions 72
to engage the guides 71 are provided on the bottom surface of
the slider holding jig setting plate 70 in tﬁe vicinity of both
ends thereof in the X-direction. A movement of the engaging
portions 72 along the guides 71 causes the slider holding jig

setting plate 70 to move n the Y-direction. The slider holding

. jig setting plate 70 is located in a position above the X-Y table

13 when it is moved forward to the extremely and is retracted
from the position above the X-Y table 13 by moving it
backward from that state.

Fig. 9 illustrates a movement of the slider holding jig
setting plate 70. A stopper 75 is provided in a position that
corresponds to the rear end of the slider holding jig setting
plate 70 when the slider holding jig setting plate 70 is located
at the bacsz_ird extremely (right side in Fig. 9) to regulate the
backward movement of the slider holding jig setting plate 70.

Fig 10 illustrates a sensor for detecting the presence or
absence of tile slider holding jig setting plate 70 in the position

above the X-Y table 13. As shown in Fig. 10, a sensor
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actuation piece 73 is provided at the forward end of the
holding jig setting plate 70. In a position that corresponds to
the 'forward end of the slider holding jig setting plate 70 when
the slider holding jig setting plate 70 is located at the forward

extremity, there is provided a slider holding jig setting plate

detection sensor 74 for detection sensor 74 for detecting the-

presence or absence of the sensor actuation piece 73 to detect
the presence or absence of the slider holding jig setting plate
70 in the position above the X-Y table 13. For exaxr;ple, a
transm'ission type pﬁofo-sensor incofi)oraﬁ'n.g an amplifie;r is
used as the sensor 74.

According to the'present embodiment, processing can not -
be carried out until the slider holding jig setting plate 70 has
been retracted from the position above the X-Y tabie 13 and it
is détected that the slider holding jig setting plate 70 has been
ther?after located in the position above the X-Y table 13. The
purpose is to retract the slider holding jig setting plate 70 from
the position abdve the X-Y table 13 temporarily each time one

cycle of processing is carried out to allow replacement of a

diainond lapping sheet to be described later.

As shown in Fig. 1, a slider holding jig detection sensor
75 is provided on the slider holding jig setting plate 70 to

detect whether the slider holding jig 80 is mounted on the
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slider holding jig setting plate 70 or not. For _example, the
sensor 75 is a photo-sensor having a light emitting portion é.nd
a light receiving i)ortion provided in positions opposite to each
other with slider holding jig 80 interposed therebetween.

In the processing api)aratus 10 of .the present
embodiment, the position of the X-Y table 13 is returned to the
origin of swinging after the absence of the slider holding jig 80
is confirmed by the slider holding jig detection sensor 75.

The processmg apparatus 10 of the present embodlment
is further equipped with a load applymg portion 100 for
applying a downward load to a slider held by the slider holding
jig 86, capable of adjusting the magnitude of the applied load.
The load applying portion 100 corresponds to the load applying
means (device) according to the invention. A configuration of
the load applying portion 100 will be described in detail later.

A configuration of the wire winding block 30 will now be
described with reference to Figs. 11 through 15.. Fig. 11 is a
side view of the wire winding block 30. Fig. 12 is a front view
of the wire winding block 30. Fig. 13 is a perspective view
showing an elastic member used in tﬁe wire winding block 30.
Fig. 14 is ai perspective view showing a transforming member

used for the wire winding block 30.
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As shown in Figs. 11 and 12, the wire winding block 30
has a block main body 31. The block main body 31 is formed
with a rectangular recess 31a which is open on the top surface
thereof. The recess 31a is adapted to contain a rectangular
elastic member 32 as shown in Fig. 13 or a transforming
member 33 as shown in Fig. 14. For example, the elastic
member 32 is formed of silicon rubber. The top surface of the

elastic member 32 is flush with the top surface of the block

main body 31 when contained in the recess 3la. On the top

surface of the transforming member 33, there is formed a
plurality of projections 33a extending in a direction

perpendicular to the longitudinal direction of the transforming

.member 33. Each of the projections 33a has a rectangular

sectional configuration. For example, the transforming
member 33 is formed of stainless steel. The top surface of the
projections 33a is flush with the top surface of the block main
body 31 when the transfoi-ming member 33 is contained in the .
recess 3la.

A wire 34 is wound in a plurality of turns around the
outer circumference of the block main body 31 containing the
elastic member 32 or transforming member 33 in the recess
31a thereof. The ends of the wire 34 are secured to the block

main body 31 with wire locking screws 35 in the vicinity of
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both ends of the block main body 31 in the longitudinal
direction thereof. When the transforming mémbér 33 is
contained in the recess 31a, a part of the wire 34 located on
the upper surface of the wire winding block 30 is located above
the projection 33a of the transforming member 33.

Holes 36 for inserting the locking screws are formed in
the vicinity of both ends of the block main body 31 in the
longitudinal direction thereof. As shown in Figs. 3 and 4, the

wire Wmdmg blocks 30 are secured to the plate 18 w1th lockmg

| screws 37 mserted through the holes 36 for the lockmg screws.

Fig. 15 is a perspective view showing a wire winding
block 30 and a rubber sheet and a diamond | lapping sheet
provided thereon. While the wire winding block 30 illustrated
in Fig. 15 contains the transforming mémber 33 in the recess
3la of the block main body 31, the elastic member 32 may
alternatively be contained in the recess 31a. A rubber sheet 38
is provided on the wire winding block 30, and a diamond
lapping sheet 39 is provided on the rubber sheet 38. .For-'
example, the rubber sheet 38 is formed of silicon rubber. The
diamond lapping sheet 39 corresponds to the lapping member
according to the invention.

In the processing apparatus 10 according to the present

embodiment, a plate 90 is used instead of the wire winding
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blocks 30 depenﬂing on the purpose. For..example, the plate 90
is formed of stainless steel. When the plate 90 is used, the
plate 90 is provided 6n the plate 18; fhe rubber sheet 38 is
provided on the plate 90; and the diamond lappihg sheef 39 as
shown in Fig. 15 is provided on the rubber sheet 38.

A description will now be made with reference to Figs. 17
through 19 on an example of a method for providing the
rubber sheet 38 and diamond lapping sheet 39 on the wire
wmdmg blocks 30. As shown in F1g 17, a plurality of wire
winding blocks 30 are secured on the plate 18. The rubber
sheet 38 is provided such. that it covers all of the wire wmdmg
blocks 30. In the example shown in Fig. 17, when the diamond
lapping sheet 39 is provided on the rubber sheet 38, the
diamond lapping sheet 39 is first placed on a piece of ground
paper 91. At this time, an edge of the diamond lapping sheet
39 must slightly protrude from an edge of the ground paper
39. Next, the .part of the diamoﬁd lapping sheet 39 protruding
from the edge of the ground papef 91 is aligned with an edge of
the region of the rubber sheet 38 where the diamond lapping
sheet 39 is to be i)rovided, and the diamond lapping sheet 39
is then stretched on the rubber sheet 38 as the ground paper
91 is pulled in the direction indicated by the .arrow 92 with

said part held by a hand.
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Fig. 18 is a plan view showing a state wherein the
diamond lapping sheet 39 has been str¢tched on the rubber
sheet 38, and Fig. 19 is a front view of the same state. As
shown in Fig. 18, the processing apparatus 10 of the present
embodiment is provided with ten wire winding blocks 30 in
total forming an array of five blocks in the X-direction
(horizontal direction indicated by the arrow in Fig. 18) by two
blocks in the Y-direction (vertical direction indicated by the
arrow in Fxg 18) The wires are arranged in the X-direction.

The slider holdmg jig setting plate 70 will now be

described with reference to Figs. 20 through 23. Two types of

slider holding jig setting plates 70 are prepared for the
processing apparatus 10 of the present einbodimenf.
Hereinafter, a slider holding jig setting plate of a fifst type is
represented by a reference number 70A, and a slider holding
jig setting plate of a second type is represente& by a reference
number 70B. The reference number 70 represents both of the
two types of slider ﬁolding jig éetting plates 70A and 70B.

Fig. 20 is a plan view of tﬁe first type of slider holding jig
setting plate 70A, and Fig. 21 is-a sectional view taken along.r
the line 21-21 in Fig. 20. As shown in those figures, the slider
holding jig setting plate 70A has a main body 70a in the form

of a plate provided above the diamond lapping sheet 39
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without contacting the same. The main body 70a is formed
with ten holes 76A. through which the slider holding jig 80 is
inserted. The ten holes 76A., afe provided 'in a positional
relationship with each other similar to that of the ten wire
Winding blocks 3_0- shown in Fig. 18. As shown in Fig. 21, the
holes 76A are at a predetermined angle to the vertical.
Therefore, the holes 76A position t'he. slider holding jig 80 such
that a slider is in contact with the diamond lapping sheet 39
with a surface of the slider to face a medium inclined relative
to the lapping surface of the diamond lapping sheet 39. The
holes 76A correspond to the positioning according to the
invention.

Fig. 22 is a plan view of the second type of slider holding
jig setting plate 70B, and Fig. 23 is as sectional view taken
along the line 23-23 in Fig. 22. As shown in those figures, the
slider holding jig sétting plate 70B has a main body 70b in the
form of a plate provided above ihe diamond lapping sheet 39
without contacting the same. The main body 70b is formed
with ten holes 76B thi'ough which the slider holding jig 80 is
inserted. The ten holes 76B are provided in a positional
relationship with each other similar to that of the ten wire
winding blocks shown in Fig. 18. As shown in Fig. 23, the

holes 76B extend in the vertical direction. Therefore, the holes

[ Ill!
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76B position the slider holding jig.80 .such that a slider is in
contact with the diamond lapping sheet 39 with a surface of
the slider to face a medium in parallel with the lapping surface
of the diamond lapping sheet 39.

Both of the main bodies 70a and 70b of the slider
holding jig setting plates 70A and 70B are formed with a
plurality of screw holes 77 through which screws are inserted
to secure the plates 70A and 70B to the engaging portions 72
shown in Figs. 1 and 2. Both of the main bodies 70a and 70b
of the slider holding jig setting plates 70A and. 70B are formed
with screw holes 78 through which screws are inserted to
mount the slider holding jig detection sénsor 75.

A description will now be made with reference to Fig. 24

‘'on an example of a slider processed by the processing

apparatus 10 of the present embodiment. The illustrated slider
150 is used in a thin film magnetic head. It has rail portions
whose surfaces are to face a medium (air bearing surfaces),
and the rail portions are formed such that outer lateral walls
of the rail portions are located inside lateral walls of the slider
150.

Further, the slider 150 is a negative pressure slider
having two rail portions 153 whose surfaces are to face a

medium. The rail portions 153 are formed such that outer
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lateral walls 154 of the rail portions 153 are located inside
laterallwalls 152 of the slider 150 or cut portions of a bar with
a predetermined distance therebetween. .

Referring to F1g 24, a reference number 166 represents
the direction of air flow during the operation. The surface of
the slider 150 on the side thereof where air flows in is
hereinafter referred to as “inflow .side end face LE”, and the
surface on the side thereof where air flows out is hereinafter
referred to as “outflow side end face TR”. The “lateral Wal_ls”. ai'e
the surfaces which are formed to extend in the direction in

which air flows and which cross the inflow side end face LE,

_ outflow side end face TR and the surfaces to face a medium. In_

most cases, the inflow side end face LE, outflow side end fa_ce
TR, surfaces to face a medium and lateral walls are
perpendicular to each other. In the slider 150 shown in Fig.
24, the outer laterals 154 of the rail portions 153 are the two
lateral walls closest to the slider lateral walls 152 among the
lateral walls of the rail portions 153.

A negative pressure generating portion 155 in the form of
a recess is defined between the two rail portions 153. The
width of the rail portioné 153 is not uniform across the air

inflow side and the air outflow side thereof. The width is
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largest at the air inflow side, medium at the air outflow side
and smallest in the intermediate region.

In.the vicinity of the ends of the rail p.ortions 153 on the
air inflow side thereof, there is provided taper portions 160
whose height decreases toward those ends. At the end of the
slider 150 on the air oﬁtﬂow side thereof, there is formed a
magnetic head element 157 and a terminal 158 connected to
the magnetic head element 157. The height of the rail portions
153 (the depth of the negative pressure generating portion 155)
of such a slider 150 is on the order of several pm (e.g., 0.5 to 5
Hm). The distance between tﬁe lateral walls 152 of the slider
150 and the outer lateral walls 154 of the r:—;lil portions 153 is
on the order of several tens pm (e.g., 10 to 60 pm).

A major part indicated by a reference number 150a of the

slider 150 shown in 24 is formed of, for example, a aluminum
oxide and titanium carbide (A1203 " TiC), and a part of the
same indicated by a reference number 150b is formed of

alumina (A1203) so as to surround the magnetic' head element

157 and terminal 158.

The relationship between the wire winding blocks 30 and
the slider 150 will now be described with reference to Figs. 25

and 26. Fig. 25 illustrates the neighborhood of the slider 150
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“under processing. Fig. 26 is an enlarged view of the region C in

Fig. 25. Fig. 25 shows an example wherein wire winding blocks
30 containing the transforming member 33 in the recess 31a of
the block main body 31 are used. Fig. 25 shows only the
transforming member 33 and wire 34 of such a wire winding
block 30.

As shown in Fig. 25, a plurality of slider fixing portions
80a are provided at the lower end of the slider holding jig 80,
and a slider 150 to be processed is secured to each of the
slider fixing portions 80a by means of, for example, bonding.

The wire 34 provided on the projections 33a of the
transforming member 33 is provided in positions
corresponding to positions where the individual sliders 150 are
separated. As shown in Fig. 26, the positions where the
individual sliders 150 are separated are positions
corresponding to first edges 161 defined by the surfaces to face
a medium of the rail portions 153 of the sliders 150 fixed to
the slider holding jig 80 and the outer lateral walls 154 of the
rail portions and positions corresponding to second edges 162
defined by the lateral .walls 152 of the sliders 150 and the
surfaces i59 toward a recording medium (magnetic disc) of the
sliders 150 perpendicular thereto. Therefore, the rubber sheet

38 and diamond lapping sheet 39 provided on the wire 34 are
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transformed such that parts thereof corresponding to the first
edges 161 and second edges 162 protrude toward the first
edges 161 and second edges 162. As a result, the diamond
lapping sheet 39 are put into contact with at least the first
edges 161 and second edges 162.

The above-described action similarly occurs in a case
wherein the elastic member 32 is contained in the recess 31la
of the block main body 31. When the transforming member 33
is contained in the recess 31a of the bloc;k member 31, the
wire 34 can be moved more easily than in the case where tﬁe
recess 3la contains the elastic member 32. Therefore, when
the transforming membér 33 is used as the member contained
in the recess 31a, even if there is some shift of the position
where the sliders 150 are fixed to the slider holding jig 80, the
wire 34 moves to positions corresponding to the separating
position between the individual sliders 150 because the rubber
sheet 38 and diamond Iapping sheet 39 raised by the wire 34
protrude into the separating positions between the individual
sliders 150. As a ;'esult, the diamond lapping sheet 39 evenly
coﬁtacts two adjoining sliders 150, which allows uniform
chamfering of the sliders 150.

The magnetic head elefnent 157 is formed on the end of

the slider 150 at the air outflow side thereof. Therefore,_ the
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end of the slider 150 at the air outflow side is pfeferably
processed to a less degree even when chamfered. -

When the transforming member 33 is used as the
merﬂber contained in the recess 31la of the block main body
31, since the wire 34 is located above the projections 33a of
the transforming member 33 and the rubber sheet 3_8 and
diamond lapping sheet 39 are located on the wire 34, a large

gap is formed between the top surface of the transforming

~member 33 and the rubber sheet 38 in the region between

adjoining projections 33a. As a result, the diamond lapping
sheet 39 contacts the sliders 150 more softly in such regions
between the édjoining projections 33a. It is therefore possible
to sup;:ress the degree of chamfering of edges of the slider 150
on the .air outflow Side therepf. |

While the width and height of the projections 33a of the
transforming member 33s are appropriately set in accordance
with the distance d between the adjoining sliders 150 fixed to
the slider holding jig 80 (hereinafter referred to as “separation-
width”) and the like, the width of the projections 33a is
prefe_rably set within the range from 0.05 to 0.20 mm, and the
height of the projections 33a is preferably set within the range
from 0.10 to 0.50 mm. The separation width d, the width of the
projections 33#q and the height of the same in this case are

\
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exemplary values of 0.2 mm, 0.15 '. mm and 0.40 mm,
respectively.

For example, the wire 34 is formed of synthetic fiber
such as Nylon (trade name), stainless steel and the like. While
the outer diameter of the wire 34 is appropriately set in
accordaﬁce with the separation width d, it ig preferably set
within the range from 0;03 to 0.20 mm in the present
embodiment. The outer diameter of the wire 34 is an
exemplary value of 0.09 mm in this case. |

While the rubber sheet 38 pfeferably has har&ness in the
rangé from 30 to 60, it is preferably softer, the greater the
amount of lapping. In this case, the hardness of the rubber
sheet 38 is an exemplary value of 50. The thickness of the
rubber sheet 38 is preferably in the range from 0.10 to 0.30
mm. In this case, the thickness of the rubber sheet 38 is an
exemplary value of 0.30 mm.

For example, the diamond lapping sheet 39 is provided
by forming a layer of a lapping material on a flexible film. The
flexible film is formed of, for example, polyethylene
terephthalate. (PET). For example, the layer of a lapping
material is formed by applying particles of diamond on the
flexible film along with a binder and by drying the same

thereafter. Here, the grain size of the diamond particles is an
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exemplary value of 0.25 pym. The thickness of the flexible film
is preferably in the range from O to 6 pm. The thickness O pym
of the flexible film means a case where the diamond lapping
sheet 39 is formed of diamond particles and a binder using no
flexible film. Here, the thickness of the flexible film is an
exemplary value of 4 ym or 2 pm..

The swing width of the X-Y table 13 in the Y-direction is
preferably greater than the swing width in the X-direction.
When the separation width d and the outer diameter of the
wire 34 are respectively set at 0.2 mm and 0.09 mm as
described above, the swing width _in the X-direction is
preferably in the range from 1 to 5 mm, and the swing width in
the Y-direction is preferably in the range from 0.05 to 0.15
mm. Here; the swing width in the X- and Y-directions are
exemplar_y values of 3 mm and 0.08 mm respéc_tively.

In the _processing apparatus 10 of the present
embodiment, a plurality of wire winding blocks 30 are provided |
on the plate 18. Altemativély, one large elastic member or
transforming member may be secured on the plate 18 and a
wire may be provided on the elastic mémber or transforming
member with both ends thereof secured to the ends of the

plate 18. In such a configuration, however, the tension of the
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wire can be. unstable and processing accuracy can be
consequently reduced.

| According to the present embodiment, the tension of the
wire 34 is more stable than in the above-described
configuration becaus_e only a short part of the wire 34 .is
located on the top surface of each wire wfnding block 30. The
present embodiment therefore makes it possible to improve
processing accuracy.

A configuratit;m of the load applying portion 100 will now
be déscribed with refe_i'ence to Figs. 27 al;xd 28. Fig. 27 is
sectional view of the load applying portion 100 taken from the
front side thereof. Fig. 28 is a sectional view of the load
applying portion 100 taken from a side thereof. As shown in
those figures, the load applying portion 100 has a weight
holding plate 110 at a first stage, two frames 111 formed only
by lateral walls secured on the weight holding plate 110, twé

weight holding plates 120 at a second stage secured on the

- respective frames 111, two frames 121 formed only by lateral

walls secured on the respective weight holding plates 120, two
weight holding plates 130 at a third stage secured on the
respective frames 121 and two covers 131 having lateral and
upper surfaces secured on the 'res.pective weight holding plates

130. The two each frames 111, weight holding plates 120,
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frames 121, weight holding plates 130 and covers 131 are
arranged in a front-and-rear direction.

The weight holding plate 110 is formed with ten holes
112 having a rectangular sectional configuration. The holes
112 are arranged in a positional relationship similar to that of
the ten holes 76 of the slider holding jig setting plate 70 shown
in Fig. 20 or 22. The weight holding plates 120 and 130 are
respectively formed with holes 122 and 132 having the same
configuration as the holes 112 in positions corresponding to
the holes 112 of the weight holding plate 110. A weight.holder
140 is mounted in each of the holes 112, 122 and 132. Each of
the weight holders 140 is formed with three holes 141 having a
circular sectioﬁal configuration extending in the vertical
direction. The weight holding plates 110, 120 and 130 and the
weight holders 140 correspond to the weight holding portion
according to the invention.

Three weights 113 are mounted to each of the weight
holders 140 at the first stage. The weight 113 is constituted by
a shaft member 114 in the form of an elongate column and_ a
large diameter 115 in thé form of a column greater in the
diameter than the shaft member 114 secured to the upper end
of the shaft member 114. The lower end face of the shaft

member 114 is in a spherical configuration. The large diameter



10

15

20

25

46

member 115 is formed with a recess having a circular section
which is open on the lower end face thereof, and the upper end
of the shaft member 114 is inserted in the recess. The large
diameter member 115 is screwed to the shaft member 114. The

weights 113 thus formed by the shaft member 114 and large

~ diameter member 115 correspond to the blocks having a

predetermined weight according to the invention. The block _
may have any weight.. That is, the weight may be varied
appropriately depending on the pui'pose and the like. For
example, fhe weight is 25 g in the present embodiment. The

part of the shaft member 114 of the weight 113 at the first

~ stage protruding from the lower end face of the larger diameter

member 115 constitutes a shaft portion 113a, and the part

located above the shaft portion 113a constitutes a larger

diameter portion 113b. Therefore, the weight holder 140 holds |
the weight 113 by allowing the shaft portion ilSa of the weight

113 to pass therethrough and disallowiflg the large diameter

portion 113b to pass therethrough. |

Three weights 123 are mounted to each of the weight

holders 140 at the second stage. The wéight 123 is constituted

by a shaft member 124 in the form of an élongate column, a

flange member 125 screwed to the middle of the shaft member

124 and one or more load adjusting blocks 126 attached to a

\
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part of the shaft member 124 higher than the flange member
125. The lower end face of the shaft member 124 is in a
spherical configuration. The outer diameter of the ﬂange
member 125 is greater than the outer diameter of the shaft
member 124. The outer diameter of the load adjusting blocks
126 is equal to the outer diameter of the flange member 125.
Each of the load adjusting blocks 126 is formed with a hole
through which the shaft member 124 can be inserted. By
inserting the shaft member 124 into the hole, the plurality of
load adjusting blocks 126 can be stacked on fhe ﬂange
member 125. In this case, up to four load adjusting blocks 126
can be stacked. |

The combination of the shaft member 124 and flange
member 125 of the weight 123 at the second stage corresponds
to the block having a predetermined weight according to the
invention, and the weight of the same is, for example, 25 g.

Each of the load adjusting blocks 126 also corresponds to the

block having a predetermined weight according to the

invention and, for example, it weighs 25 g. Therefore, by
changing the number of the load adjusting blocks 126, the
weight of a weight 123 as a whole can be varied within the
range from 25 g to 125 g, 25 g being one increment or

decrement.
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.The uppermost load adjusting block 126 of the weight
123 at the second stage is locked with a screw in a constant
position relative to the shaft member 124, i.e., the position of
the uppermost block 126 in the case that four load adjusting
blocks 126 are stacked, regardléss of tﬁe number of the load
adjusting blocks 126. The reason is that it ié necessary to urge
the weight 133 at the third stége upward with the uppermost
load adjusting block 126.

"The part of the shaft member 124 of the weight 123 at

the second stage protruding from the lower end face of the

- flange member 125 constitutes a shaft portion 123a, and the

part located above the shaft portion 123a constitutes a large
diameter portion 123b. Therefore, the weight holder 140 holds
the weight 123 by allowing the shaft portion 123a of the weight
123 to pass therethrough and disallowing the large diameter
portion to pass therethrough.

Three weights 133 are mounted to each of the weight
holders 140 at the third stage. The weight 133 is constituted
by a shaft member 134 in the form of an elongate column, a
flange member 135 screwed to the middle of the shaft member
134 and one or more load adjusting blocks 136 attached to a
part of the shaft member 134 higher than the flange member

135. The lower end face of the .shaft member 134 is in a
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spherical configuration. The outer diameter of the flange ,
member 135 is greater than the outer diameter of the shaft
member 134. The outer diameter. of the load adjusting blocks
136 is equal to the outer diameter of the flange member 135.
Each of the load adjusting blocks 136 is formed with a hole
t_hrough which the shaft member 134 can be inserted. By
inserting the shaft member 134 into the hole, the plurality of
load adjusting blocks 136 can be stacked on the ﬂange
member 135. In this case, up to four load adjusting blocks 136
can be stacked. |
The combination of the shaft member 134 and flange
member 135 of the weight 133 at the third stage corresponds
to the block having a predetermined weight according to the
invention, and the weight of the same is, for example, 25 g
Each of the load adjusting blocks 136 also corresponds to the
block having a predetermined weight according to the
invention and, for example, it weighs 25 g. Therefore, by
changing the number of the load adjusting blocks 136, the
weight of a weight 133 as a whole can be varied within the
range from 25 g to 125 g, 25 g being one increment or

decrement.
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It is not necessary to screw the uppermost load adjusting
block 136 of the weight 133 at the third stage in a constant
position relative to the shaft member 134. |

The part of the shaft member 134 of the weight 133 at
the third stage protruding from the lower end face oi: the flange
member 135-' constitutes a shaft portion 133a, and the part
located above the shaft portion 133a constitutes a large
diameter portion 133b. Therefore, the weight holder 140 holds
the weight 133 by allowing the shaft portion 133a of the weight
133 to pass therethrough and disallowing the large diameter
portion 133b to pass therethrough.

A spiral groove 138 is formed on the shaft portions 113a,
123a and 133a of the respective weights 113, 123 and 133.
The grooves 138 have a function of collecting chips (particles)
generated by friction between the shaft portions 113a, 123a
and 133a and the holes of the weight holders 140 to maintain
a smooth operation of the shaft portions 113a, 123a and 133a.

The same effect can be achieved by forming spiral
grooves 139 on the holes of the weight holders 140 as shown
in Fig. 29. This .effect. can be achieved by providing at least
either the grooves 138 or grooves 139.

As shown in Fig. 1l,guides 101 extending in the Y-

direction are provided on the rail portions 29 provided on the
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base portion 12. Y-direction movable portions 103 are provided
on the guides 101. The movable portions 103 are provided with
engaging 'portions 102 which engage the guides 101. A
movement of the engaging portions 102 along the guides 101
causes the movable portions 103 to move in the Y-direction.
The movable portions 103 are provided with guides 104
extending in the vertical direction.

Both ends of the _weight- holding plate 110 in .the
horizontal direction are coupled to vertically movable portions
109. The movable portions 109 are provided with engaging

portions 105 which engage the guides 104. A movement of the .

- engaging portions 105 a.llong' the guides 104 causes the.

movable portions 109 to move in the vertical direction.

The vertically movable portions 109 are driven by vertical
driving cylinders 108 in the vertical direction. The vertical
driving cylinders 108, vertic'ally movable portions 109, guides
104 and engaging portions 105 correspond to the holding
portion moving means (device) according to the invention. The
Y-direction movable portipns 103 are driven in the Y-direction
by Y-direction driving cylinders 107 shown in Fig. 2.

| Thus, the load applying portion 100 can be moved in the
Y-direction and vertical direction. While Fig. 2 shows a state in

which the load applying pbrtion 100 has been moved backward
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to be fetracted from a position above the X-Y table 103, the
load applying portion 100 can be moved forward to be located
above the X-Y table 13.

The load applying portion 100 moves the weights from a
state in which the léwer end of the shaft portion 113a of the
weight 113 at the bottom stage is located above the slider
holding jig 80 without contacting the slider holding jig 80,

thereby loading the slider holding jig 80 with the weights 113,

123 and 133 provided in the form of a plurality of stages

sequentially from the bottom stage. This operation will be
described with reference to Figs. 30 through 33."
Fig. 30 shows the load applying portion 100 in a state in

which the lower ends of the shaft portions 113a of the weights

‘113 at the bottom stage are located abov-e the slider holding jig

80. In this state, no external load is applied to the slider
holding jig 80.
Fig. 31 shows a state in which the load applying portion

100 has been mofred downward from the state shown in Fig. 30

to put the lower ends of the shaft portions 113a of the weights

113 at the bottom stage in contact with the upper end of the
slider holding jig 80, thereby raising the weights 113 above the
weight holders 140 at the bottom stage. In the state shown in

Fig. 31, the upper ends of the weights 113 are not in contact
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with the lower ends of the shaft portions 123a of the weights
123 at the second stage. In this state, the slider holding jig 80
is loaded with only the weights 113 at the bottom stage. Since |
one slider holding jig 80 is loaded with three weights 113, a
load of 75 g is applied 1':0 one slider hoiding jig 80 where one
weight 113 is 25 g. |

Fig. 32 shows a state in which the load applying portion
100 has been further moved downward from the state shown
in Fig. 31 to put the upper ends of the weights 113 at the
bottom stage in contact with the lower ends of the sl:xaft
portions 123a of the weights 123 at the second stage, the;eby
raising the weights 123 above the weight holders 140 at the
second stage. In the state shown in Fig. 32, the upper ends of
the weights 123 are not in contact with the lower ends 6f the
shaft portions 133a of the weighfs 133 at the third stage. In
this state, the slider holding jig 80 is loaded with the weights
113 at the bottom stage and the weights 123 at the second
stage. Since one slider holding jig 80 is loaded with three
weights 113 and three weights 123, a load of 450 g is applied

to one slider holding jig 80 where one weight 113 is 25 g and

-one weight 123 is 125 g.

Fig. 33 shows a state in which the load applying portion

100 has been further moved downward from thé state shown
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in Fig. 32 to put the upper ends of the weights 123 at the
second stage in contact with the lower ends of the weights 123
at the second stage in contact with the lower ends of the shaft
portions 133a of the weights 133 at the third stage, thereby
raising the weights 133 above the weight holders 140 at the
third stage. In this state, the slider holding jig 80 is loaded
with the weights 113 at the bottom stage, the weights 123 at
the second stage and the weights 133 at the third stage. SinCe
one slider holding jig 80 is located with three weights 113,
three weights 123 and three weights 133, a load of 825 g is
applied to one slider holding jig 80 where one weight 113 is 25
g; one weight 123 is 125 g; and one weight 133 is 125 g.

In order to achijeve such a function of the load applying
portion 100, the distance that the weights 113 at the bottom
stage can move in the vertical direction must be greater than
the sum of the distance between the upper ends of the weights
113 and the lower ends 6f the shaft portions 123a of the
weights 123 and the distance between the upper ends of the
weights 123 and the lower ends of the shaft poftions 133a of
fhe weights 133 in a state in which no load is applied to the
slider holding jig 80 (the state shown in Fig. 30). |

As described above, according to the present invention,

the load applied to the slider holding jig 80 can be adjusted by

Thls Sheet Has Been Repla
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loading the slider holding jig 80 with the plurality of weights
113, 123 and 133 in a stepwise manner.

- According to the present embodifnent, it is fherefore
possible, for example, to chamfer an edge of the rail portions of
the slider 150 by applying a small load to the slider holding jig
80 when the edge has not been chamfered yet or at an early
stage of chamfering and to increase the load applied to the
slider holding jig 80. This makes. it possible to prevent an edge
of the slider 150 from cutting the thin diaﬁond lapping sheet
39. The number per stage of the weights for applying a load to
one slider 150 may bé two, four or more in‘stead of being

limited to three. The weight of each of the weights 113, 123

“and 133 of the load applying portion 100 and the weight of the

block constituting each of the weights 113, 123 and 133 may
be changed appropriately.

Although not shown, the processing apparatus of the
present embodiment is further equi}iped with a control portion
to which signals in response to operations on the operation
panel 23 and signals output by each sensor are input and
which controls each driving part. |

An operation of the processing apparatus 10 of the

present embodiment will now be described. The following
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description also provides an explanation of a method for
processing a slider according to the invention.

When sliders 150 are processed using the processing
apparatus 10, a plurality of sliders 150 to be processed are
first secured to the slider holding jig 80 by means of, for
example, bonding with the surfaces thereof to face a recording
medium facing downward. The sliders 150 at this point is

obtained by performing ion milling to form rail portions on a

-bar which includes a plurality of magnetic head elements

arranged in a row and for which chamfering of surfaces to face
a medium has been finished and then cutting the bar.

According to the present embodiment, preferably, a
chamfering process having three steps is performed on a slider
holding jig 80 having the sliders 150 secured thereon.

Fig. 34 illustrates a first step of chamfering. At the first

step of chamfering, the plate 90 as shown in Fig. 16 is used

instead of the wire winding blocks 30. The rubber sheet 38 is
provided on the plate 90, and the diamond lapping sheet 39 is

provided on the rubber sheet 38. The plate 70A is used as the

slider holding jig setting plate 70. As shown in Fig. 34, at the

first step of chamfering, the plate 70A positions the slider
holding jig 80 such that the sliders 150 are in contact with the

diamond lapping sheet 39 with the surfaces of the sliders 150
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to face a medium inclined relative to the lapping surface of the
diamond lapping sheet 39.

In the present embodiment, when the Slider holding jig
80 is positioned by the plate 70A, the sliders 150 are secured
to the slider holding jig 80 such‘l that the surfaces to face a
medium of the sliders 150 on the side of the air flow ends

thereof are located downward.

An angle 0 defined by the lateral walls of the slider

holding jig 80 and the lapping surface of the diamond lapping

sheet 39 is preferably equal to or greater than 60° and smaller
than 90°, and an angle of 70" + 2.5" is especially preferable..
The lower ends of the shaft portions 113a of the weights
113 at the bottom stage is in contact with the upper end of the
slider holding jig 80. As described above, the load applied to

the slider holding jig can be adjusted. The load applied to the

slider holding jig 80 is preferably increased in a stepwise

manner depending on the progress of chamfering.

At the first step of chamfering, the X-Y table 13 is swung
in the state shown in Flg 34 to chamfer .only edges of the
sliders 150 on the side of the air inflow ends thereof.

Fig.35 illustrates a second step of chamfering. The
second step of chamfering employs the wire winding blocks 30

containing the elastic members 32 in the recesses 3la of the
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block main bodies 31. Therefore, the wire 34 is provided on the
elastic members 32; the rubber sheet 38 is prdvided on the
wire 34; and the diamond lapping sheet 39 is provided on the
rubber sheet 38. The plate 70A is used as the slider holding jig
setting plate 70. As shown in Fig. 35, at the second step of
chamfering, the plate 70A positions the. s-lide; holding jig 80.
such that the sliders 150 are in contact with the diamond
lapping sheet 39 with the surfaces of the sliders 150 to face a
medium inclined.relative to the lapping surface of the diamond
lapping sheet 39. |

An angle © defined by the lateral walls of the slider
holding jig 80 and the lapping surface of the diamond lapping
sheet 39 is preferably equal to or greater than 60" and -smaller
than 90°, and an angle around 70’ is especially preferable. The
lower ends of the shaft portions 113a of the weights 113 at the
bottom stage is in contact with the upper end of the slider
holding jig 80. As described above, the load applied to the
slider holding jig 80 can be adjusted. The_ load applied to the
slider holding jig 80 is‘lpréferably increased in a stepwise
manner depending on the progress of chamfering.

At the second step of chamfering, as shown ‘in Fig. 25,
the rubber sheet 38 and diamond lapping sheet 39 provided on

the wire 34 are transformed such that the parts thereof
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corresponding to first edges 161 and second edges 162 of the

~sliders 150 protrude toward the first edges 161 and second

edges 162. As a result, the diamond lapping sheet 39 contacts
at least the first edges 161 and second edges 162:

‘At the second step of chamfering, the X-Y tab.ie 13 is
swung in the state shown in Fig. 35 to chamfer the edges of
the sliders 150 on the side of the air inflow ends thereof
further and to chamfer the first edges 161' and éecond edges
162 having steps simultaneously. Th_us, as a result of the first

and second steps of chamfering, the edges of the sliders on the

- side of the air inflow ends thereof are chamfered in a greéter

‘amount than other edges. The edges of the sliders 150 on the

side -of the air inﬂ(->w ends thereof are chamfered in a greater
amount because the edges on the side of the air inflow ends
are more likely to contact a recording medium than other
edges. Further, the fifst and second Steps of chamfering
chamfer the edges of the sliders 15(_) on the sidé of the air
inflow end thereof into slanting surfaces.

Fig. 36 illustrates a third step of chamfeﬁng. The third
step of chamfering employs the wire winding blocks 30
containing the transfbrrhing members 33 in the recesses 31a of
the block main bodies 31. Therefore, the wire 34 is provided on

the projections 33a of the elastic members 33; the rubber
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sheet 38 is provided on the wire 34; and the diamond lapping
sheet 39 is provided on the rubber sheet 38. The plate 70B is
used as the slider holding jig setting plate 70. As shown in Fig.
36, at the third step of chamfering, the plate 70B pbsitions the
slider holding jig 80 such that the sliders 150 are in contact
with the diamond lapping sheet 39 with the surfaces of the
sliders 150 to face a medium in parallel with the lapping
surface of the diamond lapping sheet 39.

The lower ends of the shaft portions 113a of the weights
113 at the bb_ttom stage is in cohtact with the upper end of the
slider holding jig 80. The surfaceé to face a mediﬁm of the
sliders 150 on the side of the air inflow ends thereof are
located at the right side of the sliders 150 as shown in Fig. 36.
In the present embodiment, as shown in Fig. 36, the lower
ends of the shaft portions 113a are put into contact with the
upper end of | the slider holding jig 80 in a position biased
toward the right side thereof in order to chamfer the surfaces

to face a medium of the sliders 150 on the side of the air inflow

. ends thereof in a greater amount. As described above, the load

applied to the slider holding jig 80 can be adjusted. The load
applied to the slider holding jig 80 is preferably increased in a

stepwise manner depending'on the progress of chamfering.
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At the third step of chamfering, the rubber sheet 38 and
diamond lapping sheet 39 provided on the wire 34 are
transformed such that the parts thereof corresponding to the
first edges 161 and second edges 162 of the sliders 150
protrude toward the first edges 161 and second édges 162. As
a result, the diamond lapping sheet 39 contacts at least the
first edges 161 and second edges 162.

At the third step of chamfering, the X-Y table 13 is
swung in the state shown in Fig. 36. As a result, the entire
edges of the rail portions 153 of the sliders 150 including the
first edges 161 are chamfered simultaneoﬁsly with the second
edges 162. At the third step of chamfering, edges in contact
with the diamond lapping sheet 39 including the edges
chamfered into slanting surfaces at the first and second steps
of chamfering are chamfered into curved surfaces.

While the first through third steps of chamfering may be
carried out using one processing apparatus 10 with th.e wire
winding blocks 30, slider hdlding jig setting plate 70 and the
like replaced at each step, if is more efficient to use three
processing apparatuses 10 which are set for respective steps.

Such a method for processing a slider according to the
present embodiment makes it possible to chamfer the edges of

the sliders 150 on the side of the air inflow ends thereof in a
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greater amount than other edges. The anti-shock properties of

the sliders 150 can be thus improved.

A comparison of edge configurations will now be made
between a case wherein the three steps of chamfering are
performed on the edges of sliders 150 on the side of the air
inflow ends thereof and cases wherein other methods for
chamfering are carried out on the; same.

The methods illustrated in Figs. 37 and 38 are used as
the other methods for chamfering for comparison. According to
the method shown in Fxg 37, the plate 90 as shown in Fig. 16
is used instead of the wire winding blocks 30 similarly to the
first step of chamfering shown in Fig. 34. The rubber sheet 38
is provided on the plate 90, and the diamond lapping sheet 39
is provided on the rubber sheet 38. The piate 70B is used as
the slider holding jig setting plate 70. Therefore, according to
thé method shown in Fig. 37, the slider holding jig 80 is
positioned such that the sliders 150 are in contact with the
diamond lapping sheet 39 wit_h. the surfaces of the sliders 150
to face a medium in parallel with the lapping surface of the
diamond lappmg sheet 39. The X-Y table 13 is swung in this
state to chamfer the edges of the sliders 150.

According to the method shown in Fig.38, the wire

winding blocks 30 containing the elastic members 32 in the -
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recesses 31a of the block main bodies 31 are used similarly to
the second step of chamfering shown in Fig.35. Therefore, the
wire 34 is provided on the elastic members Sé; the rubber
sheet 38 is provided on the wire 34; and the diamond lapping
sheet 39 is provided on the rubber sheet 38. The plate 70B is
used as the slider holding jig setting plate 70. Therefore,
according to the method shown in Fig. 38, the slider holding
jig 80 is positioned such that the Slider 150 are in confact with
the diamond lapping sheet 39 with the surfaces of the sliders
150 to face a medium in paral'lel with the lapping surface of
the diamond lapping sheet 39. The X-Y ‘table 13 is swung in
this state to chamfer the edges of the sliders 150.

Fig. 39 shows an example of a configuration of an edge of
a slider 150 on the side of the air inflow end thereof chamfered
according to the method shown in Fig. 37 or 38. Fig. 40 shows
an example of a configuration of an edge of a slider 150 on the
side of the. air inflow end thereof chamfered by the three steps
of chamfering according to the present embodiment. The
configurations shown in Figs. 39 and 40 were measured using
a probe type surface roughness meter. Talystep (trade name)
rﬁanufactured by Rank Taylor-Hobson, U.K. was used as the
probe type surface roughness meter. The probe used had a

radius of curvature of 2 pm at the end thereof. Thé horizontal

\
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axes and vertical axes of Figs. 39 and 40 represent positions in
the horizontal and vertical directions, respectively.

In the configuration shown in Fig. 39, the length of the
chamfered region in the direction of the height thereof was 0.5
um. In the configuration shown in Fig. 40, the length of the
chamfered region in the direction of the height thereof was 5.0
um. Those figures indicate that the three steps of chamfering
according to the present embodiment make it possible to
chamfer the edges of slider 150 on the side of the air inflow
ends thereof in a greater amount, thereby allowing an
improvement of the anti-shock properties of the sliders 150.

A description will now be made with reference to Figs. 41
through 46 on the relatiohship between the angle 0 defined by
the lateral walls of the slider holding jig 80 and the lapping
surface of the diamond lapping sheet 39 and configurations of .
éhamfered edges according to the present embodiment.

When the angle O at the first and second steps of
chamfering was 60° as shown in Fig. 41, an edge had a
configuration, for example, as shown in Fig. 42 after the
completion of the second step of chamfering and had a
confighration, for example, as shown in Fig. 43 after the

completion of the third step of chamfering.

Thls Sheet Has Been. Rep
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When the angle 0 at the first and second steps of
chamfering was 75° as shown in Fig. 44, an edge had a

configuration, for example, as shown in Fig. 45 after the

" completion of the second step of chamfering and had a

configuration, for examplé, as shown .in Fig. 46 after the
completion of the third step of chamfering.

The configurations shown in Figs. 42, 43, 45 and 46 were
measured in the same method as that used for Figs. 39 and
40.

In the configuration shown in Fig.-42, the length of the

chamfered region in the direction of the height thereof was 3.5

‘um. In the configuration shown in Fig. 45, the length of the

chamfered region in the direction of the height thereof was 2.5 .
um. Those figures also indicate that the length of the

chamfered region in the direction of the height becomes

greater, the smaller the angle ©.

However, it is assumed from a comparison between Figs.
43 and 46 that a chamfered region keeps closeness to a
slanting surface more significantly the smaller the angle 0,
even aftex_' the third step of .chamfering. If it is assumed that
the configuration shown in Fig. 43 represents the limit of an

allowable range, the angle © must be 60° or more.
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As described above, the processing apparatus 10 and the
method for processing a slider according to the -present
embodiment make it possible to chamfer the edges of the slider
150 on the side of the air inflow end thereof in a greater
amotint and to chamfer the first edges 161 and second edges
162 having steps. The present embodiment therefore makes it
possible to provide a slider 150 for which damage of the
surface of a recording medium caused by edges thereof can be
prevented even if it is inclined.

Since a negative pressure slider is more likely to contact
a’ recording medium at the first e.dges-:-l‘él_'._When inclined
compared to a slider which does not. generate a negative
pressure, the processing é.pparatus. 10 and -the method for
processing a slider according to the present embodiment are
significantly effective especially in processing a negative
pressure slider.

The method for processing a slider according to‘ the
present embodiment makes it possible to sufficiently chamfer
not only the edges of the sliders 150 on the side of the air
inflow end thereof, the first edges 161 and the se_cond edges
162 but also other regions including the periphery of the
surfaces to face a medium of the rail portions 153 and the

periphery of the outer circumferential surfaces of the slider
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150 close to the surfaces to face a medium. It is therefore

possible to provide a slider 150 for which damage on .a-

‘recording medium can be prevented even if the slider -150 is -

included in various ways. AL SRR

In the processing apparatus 10 and the -method. for:::

" processing a slider according te the-present..embodiment, -.;th_ef

diamond lappihg sheet 39 is tra_.nsformeci te put it in contact
with the first edges 161 and second-'edges 162 of the 'slidex

150. Since the diamond lapping sheet 39-is held by the elastic - -

rubber sheet 38 in doing so, it is possible.- to prevent -the -
diamond lapping sheet 3% from &Leing cut and to .thereby ...
- perform stable processing of thc-é‘lider- 150.

According to the prese;ht embodiment, it is further .

possible to adjust the load applied to the slider ixolding jig 80
by loading the slider holding jig 80 with. the phirality of
weights 113, 123 and 133 in a stepwise manner. Therefore, the
present embodiment makes it possible to prevent the thin
diamond lapping sheet 39 from being cut by the edges of the
slider 150. |

Further, according tq .the. present embodiment, the spiral
grooves 138 or 139 are formed .on at least either the shaft
portions 113a, 123a and 133a of the weights 113, 123 and 133

or the holes of the weight holders 140. The grooves 138 or 139

Sheet Has Been Replaced:.-
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. collect ChlpS (partlcles) generated by friction between the shaft
' portlons 113a, 123a and 133a and ther holes: of the We1ght

: holders 140 thereuy makmg it pnss1b1e to" malntam & atablf‘ o ™

- opelatmn o*‘ the shaft portlons 1 lﬂa, 123a and t1:33=a

15

20

25

..... Ac n rhng, t*) the eIk .,enf embodlmentt. dm herldlng Jlg,

N

E '«--settmg p}ate ?(W\ hamng rn].e,, 7 6A melmed at.a pi‘edeiermmt:«iz
| angxlf relatme to the ‘!t.‘!'tlf‘d1 H prepared as one type of shd;er '

.'ﬁ--ﬁ"-l—l()ldi‘.("%",* pxﬂ.}rrwctxng_ piatcj:“ 70. The _pla-te-. TO8 p(;esmens;-th-e-;:si-zd—-ev T et

-"-holdmg".lzg'u “:s*-’.c‘h"t!rkét-."i;‘é"-silidef --15@?& m c*t’xm:art w:th the: - g o
| alamond 1app;ng sheet '3‘3 w1t‘1 the surfaces of fthe shder tb
--face a medmrs mehr € *elatxve to. the lappmg w0 foaee af the._;.__
dlamond lapfpmg @E'eet %9 Therefoxe accordmg t@ mf p*resent'”-'
embodiment; the use ni Jrhe shder holdmg 31g settmg platf:*'?@A T
makes it poss:ble to chamfer specific. edges of the shder 150 o

e.g., the edges of the shder 150 on the side of the air mﬂow :

end thereof, in a gr_ea.ter amount than other edges. -
Further, e.ccer&ing to the present 'emb_od-iment, in order
to chamfet the first _edges 1_61_- and seceqd edges 162 having
steps '. simultaneously; the '.rubb_e_r sheet | 38 and dtamond
lappiﬁg sheet 39 ‘are transformed by the wire 34. In the
present embodiment,': the wxre 34 is stretched by splitting it
into a plurality of segments using the plurality of wire Winding

blocks 30 instead of stretching it across the entire surface of

i)
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- the- plate 18 ‘As a result, the present embodlment makes it

pOSSIble to stabxhze the - tension of the  wire ‘34, thereby .

allowmg an 1mprovement of processing: accuracy

--.:---.The: prcscnt., invention is not 11_m_1.ted :to -the above- -

S ;-':".de'scri-bc'd’:-"embod-inient and may ‘be-modified -in : various ways.

. ‘For-example; w]sille the diamond-lapping sheet 39-is moved: by

the X-Y table 13 with the slider 150 fixed in the embodiment,

o ,-;;L'-s;t_];ic_-isiide; 4 50=:==1_nay' 'altemati'vely_ be -moved- (swung) by moving .~.. . . -

e .tﬁé‘_‘_é.’slideﬁhé_ld_ing jig 80 with the diamond lapping sheet 39:

e fiked R

155 ‘?ﬁ?:r.-;a-slijig:x_S' having a

h mventxon is  not hmlted;
t ratmnasshown in Fig.. 24maﬁ’d'-vmay£be -applied to
- =slidetsghavmgnther -configurations:The .*:P'l'fés'e’r_ﬁt- invention is
n not"' Iirﬁi:‘ted...-‘:-'i.:cz'-'_.sliders haviﬁg a two-step structure and may be
: applied-t?o--prccessing of sliders having structures with three or

20 -.more steps. .-
‘While . - the embodimcnt has refer;‘ed- to -a negative
pressure slider as an example of a slider to be processed, the
invention may be applied to processing of sliders which

generates no negative pressure.

25 The invention may be applied also to sliders intended for

applications other than magnetic .heads', e.g., a slider for a
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head (pick up) for recording or reproducihg information on an
optical recording basis or photo-magnetic recording basis.

As described 'above, the first slider p_rocéssing apparatus

. or the first load applying apparatus for. processing a slider

-according to the invention allows adjustment of a load applied

to the slide holder. This makes it possible to prevent edges of a-

slider from cutting the-lapping member. According to the first

- method for processing a slider of the invention, a load applied

“to the slider holder for holding a slider is vaned dependmg on

the progress of chamfermg on .the slider, which makes it.

_ﬁ'_:*.;iapssible to prevent edges of the slider from cutting the lapping . -

sty member. - . - L e b e e

vittrel- The second slider processing -apparatus or the second .

' -“*load applying apparatus for processing a slider according to

- 20

25

. the invention moves the weight holding portion for holding

weights up and down to make it possible to apply a load to the
slider holder for holding a slider only whenl necessary during
lapping of edges of the shder to chamfer the edges, and a
splral groove is formed on at least either the outer
circumferential surface of the shaft portion of the weight to
apply a load to the slider holder or the inner circumferential
surface of the hole of the weight holding portion. As a result,

the spiral groove collects chips {particles) generated by friction
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between the shaft portion of the weight and the hole of the
weight holding porﬁon, which allows a smooth operation of the

shaft portion to be maintained and consequently allows a

"smooth operation of the mechanism.

With the third slider processing apparatus or the second
method for processing a slider according to the invention, the
slider holder is positioned such that the slider is in contact
with the lapping member with surfaces of the slider to face a
medium inclined relative to the lapping surface of the lapping
member to lap the edges of the slider. This makes it possible to
chamfer a part of the edges of the slider in a greater amount
than other edges. . -

The third method for processing a slider of the invention
includes:

a first lapping step for .Iapping a part of an edge of the
slider in contact with the lapping memb_er while moving the
slider and the lapping member relative to each other in a state
in which the slider is in contact with thé lapping member.with
the surface of the slider to face a medium inclined relative to
the lapping surface of the lapping member for lapping an edge
of a slider; and

a second lapping step fo; lapping a part of the edge of the

slider in contact with the lapping member while moving the
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slider and the lapp.ing member relative to each other in a state
in which the slider is in contact with the lapping rhember with
the surface of the slider to face a medium in parallel with the
lapping surface of the lapping member. It is tﬁus possible to
lap a part of _edge_g of a slider in a greater amount than other
edges and to chamfer also the .other edges sufficiently.

Since the first auxiliary device for processing a slider
according to the invention makes it possible to posiﬁon the
slider holder such that a slider is in contact with the lapping
member with a surface of the slider 'to face a medium i_hclined
relative to the lapping surface of the ‘lapping member, it is
possible to lap a part of edges of a slider in a greater amount
than other edges.

In the fourth slider prbcessing apparatus or the second
auxiliary device for processing a slider according to the
invention, the wire for transforming the lapping member such
that a plurality of edges having steps of a slider are
simultaneously lapped is wound around the outer
circumference of the mainlbody. This stabi}izes the tension of
the wire, makes it possiblé fo simultaneously lap a plurality of
edges having steps of a slider to cﬁamfer them and allows an

improvement of processing accuracy.
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It is apparent from the above description that the
invention can be carried out in various modes and
modifications. Therefore, the invention may be carried out in
modes other than the above-described most preferable modes

within the scope of equivalence of the appended claims.
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CLAIMS

1. A method for processing a slider including the
steps of:

chamfering an edge of a slider having a surface to
face a medium by lapping the edge with a lapping
member for lapping an edge of a slider with the slider
and lapping member moved relative to each other while
applying a load to a slider holder so aé to urge the slider
against the lapping member; and changing the load
applied to the slider holder depending oﬁ the progress of
chamfering. -
2. A method for processing a slider-according to Claim
1, wherein said lapping member is in the form of a
sheet.
3. A method for processing a slider according to Claim
1 or Claim 2', wherein said step of changing the load
increases the load applied to the slider holder in a
stepwise manner depending on the progress of
chamfering.
4. A method for processing a slider according to any

one of Claims 1 to 3, wherein

-_—
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said lapping member has a lapping surface and
wherein said step of chamfering includes the steps of:

putting the slider in contact with the lapping

member with the surface of the slider to face a medium

inclined relative to the lapping surface of said lapping
member; and

lapping a predetermined edge of the slider with
said lapping member while moving the slider and said
lapping member relative to each other in a state. in
Whic.h the slider is in contact with the lapping member

with the surface of the slider to face a medium inclined

-relative to the lapping surface of the lapping member.

5. A method for processing a slider according to Claim
4, wherein

said slider includes a phurality of edges having
steps;

said lapping member has ﬂexibility; and

said step of lapping simultaneously laps the
plurality of edges havin.g steps of the slider wifh the
lapping member by transforming the lapping inemi)er.
6. A method for processing a slider according to Claim

1, wherein

. * ¢ L M s =x
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said lapping member has a lapping surface and
wherein said step of chamfering inclildes:

a first lapping step for lapping a part of an edge of
the slider in contact with s.aid lapping member while
moving the slider and said lapping member relative to
each other in a state in which the slider is in contact
with the lapping. member with the surface of the slider to
face a medium inclined relative to the lapping surface of
said lapping member; and

a second lapping step 'fbr lapping a part of the edge

-of the slider in contact with said lapping member while

moving the slider and said lapping member relative to
each other in a state in which the slider is in contact
with the lapping member with the surface of the slider to
face a medium in parallel with the lapping surface of
said lapping member.
7. A method for processing a slider according to Claim
6, wherein

said slider includes a plurality of edges having
steps;

said lapping member has flexibility; and

l-‘l!llllﬁlll[lﬂjl Mm
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said first lapping step simultaneously laps the

plurality of edges having steps of the slider with the

lapping member by'transforrhing the lapping member.

- 8. A method for processing a slider according to Claim

6, wherein
said slider includes a plurality of edges having
steps;
| said lapping member has flexibility; and

- said second lapping step simultaneously laps the

plurality of edges having steps of the slider with the

lapping by transforming the lapping member.
9. A method for processing a slider according to Claim
6, wherein
said slider includes a plurality of .edges having
steps and wherein
said first lapping step includes the steps of:
lapping the edges of the slider with the lapping
member without transforming the lapp_ing member; and
simultaneously lapping the plurality of edges
having steps of the slider with the lapping member by
transforming the lapbing member having flexibility.
10. A method for processing a slider according to Claim

6, wherein

% c L M s *
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said first lapping step chémfers at least a part of
an edge in confact' with the lapping member into a
slanting surface; and

said second lapping ste{a chamfers the. edge
chamfered into a slanting surface at said first lapping
step into a curved surface. '.
11. A method for processing a slider for lapping an
edge of a slider having a surface to face a medium to
chamfer the edge, including the steps of:

putting a slider in contact with a lapping member
with a surface of the slider to face a medium inclined
relative to a lappiﬂg surface of the: lapping member for
lapping an edge of the slider; and

moving the slider and said lapping member relative
to each other in a state in which the slider is in contact
with the lapping member with the surface of the slider to
face a medium inclined relative to the lapping surface of
the lapping member to lap a predetermined edge of the
slider with said lapping member.
12. A méthbd for processing a slider according to Claim
11, wherein |

said slider includes a plurality of edges having

LU

* c

steps;
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said lapping member has flexibility; and

said lapping step simultaneously laps a plurality of
edges having steps of a slider by transforming said
lapping member.
13. A method for processing a slider for lapping an
edge of a slider having a surface to face a medium to
chamfer the edge, including:

a first lapping step fdr lapping a part of an edge of

a slider in contact with a lapping member while moving

the slider and the lapping member relative to each other

in a state in which the slider is in contact with the
lapping member with a surface of the slider to face a
medium inclined relative to a lapping surface of the
lapping member; and

a second lapping step for lapping a part of an edge
of the slider in contact with said lapping member while
moving the slider and said lapping member relative to
each other in a state in which the slider is in contact
with the lapping meml;er :with the surface of the slider to
face a medium in parallel with the lapping sﬁrface of the
lapping member.
14. A method for processing a Slider according to Claim

13, wherein

_—
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said slider includes a plurality of edges having
steps,; -

said lapping member has flexibility; and

said first lapping step simultaneously laps the
plurality of edges having stéps of the slider with the
lapping member by transforming the lapping member.
15. - A method for processing a slider according to Claim
13, wherein

said slider includes a plurality of edges having
steps; |

said lapping member has flexibility; and

said second lapping step simultaneously laps the
plurality of edges having steps of the slider with the
lapping member by transforming the lapping member.
16. A method for processing a slider according to Claim
13, wherein

said slider includes a pluralityl of edges having
steps and wherein

said first lapping step includes the steps of:

lapping the edges of the slider with the lapping

member without transforming the lapping member; and

LT
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simultaneously lapping the plurality of edges
having steps of the slider with the lapping member by
transforming the lapping member having flexibility.
17. A method for processing a slider according to Claim
13, wherein

said first lapping step chamfers at least a part of
an edge in contact with fhe lapping member into a
slanting surface, and said second lapping step chamfers
the edge chamfered into a slanting surface at said first

lapping step into a curved surface.
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