
;e3e,:**+0f2969T,:S;Bt.: 2 2 JAN 2003 1 5 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 ~5 thin film magnetic head element is formed at the rear end of a slider.
A slider generally has rail portions whose surfaces face a recording medium
(air bearing surfaces) and has a taper or step portion in the vicinity of
the end at the air inflow side such that the rail portions fly slightly
above the surface 20 of a recording medium such as a magnetic disc or the
like because of a stream of air flowing in through the taper or step
portion. For example, as disclosed in Japanese unexamined patent
publication (KOKAI) No. H6-282831, in order to prevent edges 25 of a slider
such as edges defined by the surfaces of the rail portions to face a
recording medium and outer lateral walls of the rail portions from damaging
the recording medium when the VEA~I~ANII I~NAA~A~~   v 2 s 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 10
of a slider to face a recording medium into contact with a diamond lapping
sheet provided on an elastic 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 chamfering, a 



is slider must be urged against the diamond lapping sheet by applying a
load thereto. However, a problem has arisen in that the diamond lapping
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 base material 20 of the diamond lapping sheet is thin.
According to the above-described method for chamfering, it is further
necessary during actual processing to urge 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 2s slider is attached to or removed from
the processing apparatus. This necessitates a mechanism for applying the
load to the jig 2 2 JAN 2003 only when needed.   .f Y 3 2 2 JAN 2003 s 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 formed with a 1o hole which
allows the shaft portion of the weight 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 is
moved up and down. However, such a mechanism has a problem 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 holding portion 2o to generate chips (particles). According to
the above-described method for chamfering, the entire edges of a slider are
substantially uniformly chamfered. However, the above-described method for
chamfering 2s 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   2 2 ~
AN 2003 4 5 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 head 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 ~5
lateral walls of two rail portions serve as lateral walls of a slider as
they are. However, the configuration 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. 2o 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 25 such a configuration will be hereinafter referred to as "a
slider having a two-step structure".   2 2 JAN 2p03 5 s In such a slider
having a two-step structure, chamfering is also performed on edges of the
rail portions. For example, as disclosed in Japanese unexamined patent
publication No. H6-12645, a method for chamfering edges of rail portions
according to the related art is to slide the slider on a diamond 10 lapping
sheet provided on an elastic element. Fig. 48 schematically 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 215 and are slid in two horizontal directions on a diamond
lapping 



1s sheet 217 provided on a plate-like elastic member 216 formed from, for
example, silicone rubber while urging them in the direction of the arrow
indicated by a reference number 218 in the figure, thereby chamfering edges
219 of rail portions 213. Fig. 49 is an enlarged view of the neighborhood
of edges 20 219 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 2s and forth under the guidance of a guide to thereby slide the
lapping tape relative to rail portions of a slider.   ~ 2 J ~t~ 2.~()~ 6 s
There is a recent need for a reduction 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 pressure sliders have recently come into use to satisfy such
needs. In general, a negative pressure slider is formed with a projection
for generating a negative pressure between the two rail portions thereof.
In such a negative pressure slider, the surface toward a recording medium
has a microscopic configuration and, ~s especially, the height of the rail
portions is significantly smaller than that in conventional sliders. In
such a negative pressure slider, as shown in Fig. 50, the small height of
the rail portions has results in a problem in that a recording medium 225
can be put into 2o contact with and damaged by an edge 224 defined by a
lateral wall 222 of a slider 221 and a surface 223 of the slider toward the
recording medium perpendicular thereto when the slider 221 is inclined. The
above described problem is significant especially in a hard disc 2s device
used in a portable apparatus such as a notebook type personal computer in
which the slider is often inclined.   2 2 JAN Zpp3 7 s Under such
circumstances, the inventors have proposed, for example in Japanese
unexamined patent publication (KOKAI} No. H 1 I-238214 and U.S. patent 



application 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 improve processing accuracy. 15
OB,1ECTS AND SUMMARY OF THE INVENTION It is a first object of the invention
to provide 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 20 lapping member to chamfer the edge. It is
a second object of the invention to provide method for processing a slider
which make it possible to chamfer a part of an edge of a slider in a
greater amount than in other regions of the edge. 2s A first method for
processing a slider according to the invention comprises the steps of:   2
2 JAN 20D3 8 s 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 1s
form of a sheet. In the step of changing the load of the first method for
processing according to the invention, the load applied to the slider
holder may be increased in a stepwise manner depending on the progress of
2o chamfering. In the method for chamfering according to the invention, 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 25 lapping 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   2 Z JAN 2003 9
5 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 the lapping member with the surface of the slider to face a medium
inclined relative 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 15 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 2o 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
inclined relative to the lapping surface of the 25 lapping member and a
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   2
2 JA1~ 2003 ~o s 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 



1o 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 the Lapping member by
transforming the lapping member. The second lapping step may lap the 1s
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, and the first lapping step may include the
steps of lapping the edges of the slider with the lapping 2o member without
transforming the lapping member and 7 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 may chamfer
at least a part of an edge 25 in contact with the lapping member into a
slanting surface, and the second lapping step may chamfer the   ,2 2 JAN
2003 11 5 edge chamfered into a slanting surface at the first 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 a slider having a surface
to face a medium to chamfer the 1o 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 ~5 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 Iap a
predetermined edge of the 2o slider with the lapping member. In the second
processing method according to the invention, for example, the slider may
include a plurality of edges having steps, and the lapping member may have
flexibility. The lapping step may simultaneously lap a 25 plurality of
edges having steps of a slider by transforming the lapping member.   2 2
JAN 2003 12 5 A third 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 



1o 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 ~s 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
2o 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 25 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   2 2 JAN p03 13 5 the
lapping member by transforming the lapping member. 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 1o having steps, and the first lapping step
may include the steps of lapping the edges of the slider with the lapping
member without transforming the lapping member and simultaneously lapping
the plurality of edges having steps of the slider with the lapping member
by t5 transforming the lapping member having flexibility. The first lapping
step may chamfer at lest a part of an edge in contact with the lapping
member into a slanting surface, and the second lapping step may chamfer the
edge chamfered into a slanting surface at the first 20 lapping step into a
curved surface. Other objects, features and advantages of the invention
will become clear enough from the following description. BRIEF DESCRIPTION
OF THE DRAWINGS 25 Fig. 1 is a partially cutaway front view of a slider
processing apparatus according to an embodiment of the invention.   



z z J A N 2003 14 s Fig. 2 is a right side view of the apparatus 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 1o Fig. 3. Fig. 5 is a front view of a Y-direction swing width
adjusting 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 15 adjusting
member in Fig. 1. Fig. 8 is a side view of the member shown in Fig. 7. Fig.
9 illustrates a movement of a slider holding jig setting plate in Fig. 2.
Fig. IO illustrates a sensor for detecting the 2o 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. 1. Fig. 12 is a front view of the wire
winding block in 25 Fig. 1.   2 2 JAN 2003 15 5 Fig. 13 is a perspective
view showing an elastic member used in the wire winding block shown in Fig.
11. Fig. I4 is a perspective view showing a transforming member used for
the wire winding block 1o shown in Fig. l I. Fig. 15 is a perspective view
showing the wire winding block shown in Fig. I 1 and a rubber sheet and a
diamond lapping sheet provided thereon. Fig. 16 is a front view showing a
plate used in 15 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. I 1. 2o Fig. I8 is a plan view showing a state
wherein a rubber sheet and a diamond lapping 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. 25 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.   2 2 JAN 2003 16 5 Fig. 21 is a sectional
view taken along the Line 2I21 in Fig. 20. Fig. 22 is a plan view of
another slider holder jig setting plate used in a processing apparatus
according to an embodiment of the invention. Fig. 23 is a sectional view
taken along the line 2323 in Fig. 22. Fig. 24 is a perspective view of an
example of a slider processed by a processing apparatus according to an
embodiment of the invention. is Fig. 25 is 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 enlarged illustration of the region C in Fig. 20 25. Fig. 27 is a
sectional view of a load applying portion in Fig. I taken from the front
side thereof. Fig. 28 is a sectional view of the load applying portion in
Fig. 1 taken from a side thereof. 25 Fig. 29 is a sectional view of a
weight holder shown in Fig. 28 with spiral grooves formed on the holes
thereof.   z z JAN ZpQ3 17 5 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 10 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 15 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 sectional view illustrating a third step of 2o
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 of the invention. 25 Fig. 38 is a sectional view
illustrating still another method for chamfering presented for comparison
with the   ~` ~ `~'~ ~ 2~~;~ 18 5 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. 1o Fig. 40 illustrates an
example of the shape of an edge of a slider at an air inflow side thereof
which has been chamfered in three steps according to an embodiment of the
invention. Fig. 4I illustrates a slider holding jig according to an
embodiment of the invention wherein a lateral wall of the slider is 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. 4I. 2o 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 25 define an
angle of 75.   2 2 JAN 2003 19 5 Fig. 45 illustrates an example of the
shape of an edge after the second step of chamfering in the case shown in
Fig. 44. Fig. 46 illustrates an example of the shape of the edge after the,
third step of chamfering in the case shown in Fig. 44. 1o Fig. 47 is a
perspective view showing an example of a configuration 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 15 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 2o A preferred embodiment of the invention will now be described
with reference to the drawings. Fig. I 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 25 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   Z 2 JAN 2003 20 s 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 I2 is provided on the apparatus main body 11. There is
provided an 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 15 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 table 13 has a fixed plate 14
fixed to the base portion a Y-direction swinging plate 15 provided on the
fixed 2o plate 14, a plate I6 fixed on the Y-direction swinging plate 15, s
an X-direction swinging plate 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 25 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 



~~~ ,~i~~l'i 21 5 ends of the bottom surface of the Y-direction swinging
plate 15 in the X-direction. 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 in 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 bottom surface of the X-direction swinging
plate 17 in the Y 15 direction. The X-direction swinging plate 17 is moved
in 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 correspond to the 2o transforming
device or auxiliary device for processing a slider according to the
invention. A configuration of the wire winding blocks 30 will be described
later in detail. As shown in Fig. 3, a Y-direction swinging motor 40 is
provided in the apparatus main body 11. A disc 42 is attached 2s to a
rotating shaft 41 of the Y-direction swinging motor 40 in the apparatus
main body 11. A swing origin sensor 43 is provided in the apparatus main
body 11 such that it   2 2 JAN Q003 22 5 sandwiches the disc 42. For
example, a hole is provided in a 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 1s adjusting member 44
in a position higher than 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-direction swinging
motor 40 and Y-direction swinging rotating shaft 45 and capable of
adjusting the offset. A cam 46 2o 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 Y-direction swinging plate 15. When the rotating shaft 41 of the
Y-direction swinging motor 40 and the 25 rotating 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   2 2 JAN 2003 23 5 swings the guide 47, plate 16 and Y-direction
swinging plate 15 in the Y-direction. The base portion 12, fixed plate I4,
Yr direction swinging plate 15 and plate 16 are formed with a hole through
which the Y-direction swinging rotating shaft 45 is inserted. '~10 An
X-direction swinging motor 50 is provided in the apparatus main body 11. A
disc 52 is attached to a rotating shaft 5I 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.
1s 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 2o in the X-direction. According to the present embodiment, the
origins of swings in the Y- and X-directions are detected by the swing
origin sensors 43 and 53 to return the position of the X-Y table 13 to an
origin of swinging, which always keeps the position of 25 X-Y table 13
constant when processing is started. This eliminates any variation of
results of processing.   2 2 JAN 2003 24 



s 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
than the top surface of the base portion 12. The X-direction swing width to
adjusting member 54 is capable of offsetting the rotating shaft 51 of the
X-direction swinging motor 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 is in the 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 rotation of the X-direction swinging 2o motor 50, and a movement of
the cam 56 along the guide 57 swings the guide 57, X-direction swinging
plate 17 and plate 18 in the X-direction. The base portion 12, fixed plate
14, Y direction swinging plate 15 and plate 16 are formed with a hole
through which the X-direction swinging rotating shaft 55 is 2s inserted. A
configuration and operation of the Y-direction swing width adjusting member
44 will now be described with   2 2 JAN 2003 25 s reference to Figs. 5
through 8. Fig 5 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 rotating shaft
45 is zero, and Fig. 6 is a side view of the member shown in Fig 5. ! 1o
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-direction 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. 15 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 one direction, a movable portion 



62 movably contained in the groove of the fixed portion 61 and 2o 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 61 for moving the movable
portion 62 relative to the fixed portion 61 and a fixed screw 64 attached
to another side of the fixed portion 61 for fixing the movable portion 62
to the fixed 25 portion 61. With the Y-direction swing width adjusting
member 44, the movable portion 62 can be moved relative to the fixed   2 2
JAN 2003 26 5 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-direction swinging motor 40 is driven with zero offset
between the rotating shaft 4I of the Y-direction 1o 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 causes 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 15 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 swinging rotating
shaft 45 as shown in 2o Figs. 7 and 8, the Y-direction swing width
adjusting member 44 causes the Y-direction swinging rotating shaft 45 to
rotate 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 plate 15 is 25 twice the offset between the
rotating shaft 41 and the Y direction swinging rotating shaft 45.   2 2 JAN
2003 27 s 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 10 0 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 0 15 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 I, 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
I3 in the horizontal direction 2o thereof. 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 setting-plate 70 is provided to position a slider holding jig 80 for
holding a slider. The 2s slider holding setting plate 70 corresponds to the
positioning device or auxiliary device for processing a slider according to
the invention. The slider holding jig 80 corresponds to the   2 2 JAN 2p03
Za s slider holder according to the invention. Engaging portions 72 to
engage the guides 7I are provided on the bottom surface of the slider
holding jig setting plate 70 in the 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 1o setting plate 70 to move n the
Y-direction. The slider holding jig setting plate ?0 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. 15 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 backward
extremely (right side in Fig. 9) to regulate the 2o backward movement of
the slider holding jig setting plate 70. 



Fig IO illustrates a sensor for detecting the presence or absence of the
slider holding jig setting plate 70 in the position above the X-Y table 13.
As shown in Fig. 10, a sensor actuation piece 73 is provided at the forward
end of the 25 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   2 2 JAN
2003 29 5 extremity, there is provided a slider holding jig setting plate
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 I3. For example, a
transmission type 1o photo-sensor incorporating an amplifier is used as the
sensor 74. According to the present embodiment, processing can not be
carried out until the slider holding jig setting plate detection sensor 74
detects that the slider holding jig setting ~5 plate ?0 has been retracted
from the position above the X-Y table 13 and it is detected that the slider
holding jig setting plate 70 has been thereafter 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 above the X-Y table 13 2o temporarily
each time one cycle of processing is carried out to allow replacement of a
diamond lapping sheet to be described later. As shown in Fig. I, a slider
holding jig detection sensor 75 is provided on the slider holding jig
setting plate 70 to 2s detect whether the slider holding jig 80 is mounted
on the slider holding jig setting plate 70 or not. For example, the sensor
75 is a photo-sensor having a light emitting portion and   2 2 SAN 203 30 5
a light receiving portion provided in positions opposite to each other with
slider holding jig 80 interposed therebetween. In the processing apparatus
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 1o is confirmed by
the slider holding jig detection sensor 75. The processing apparatus IO of
the present embodiment is further equipped with a load applying portion I00
for applying a downward load to a slider held by the slider holding jig 80,
capable of adjusting the magnitude of the applied load. 15 The load
applying portion I00 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 I5. Fig.
I1 is a 2o 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 the wire winding block 30. Fig. 14 is a perspective
view showing a transforming member used for the wire winding block 30. 2s
As shown in Figs. I1 and I2, the wire winding block 30 has a block main
body 31. The block main body 31 is formed with a rectangular recess 31 a
which is open on the top surface   Z 2 JAS 2003 31 5 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. I4. 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 31a. 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 15 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 transforming member 33 is
contained in the recess 31a. 2o 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 31 a thereof. The
ends of the wire 34 are secured to the block main body 31 with wire locking
screws 35 in the vicinity of 2s bath ends of the block main body 31 in the
longitudinal direction thereof. When the transforming member 33 is
contained in the recess 31a, a part of the wire 34 located on 



2 2 JAN 2003 32 5 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 to wire winding blocks 30 are secured to the plate I8 with
locking screws 37 inserted through the holes 36 for the locking screws.
Fig. I5 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 i5 in Fig. 15 contains the transforming member 33 in
the recess 31a of the block main body 31, the elastic member 32 may
alternatively be contained in the recess 3Ia. 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 2o 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
25 blocks 30 depending on the purpose. For example, the plate 90 is formed
of stainless steel. When the plate 90 is used, the plate 90 is provided on
the plate 18; the rubber sheet 38 is   2 Z JAN 2003 33 s provided on the
plate 90; and the diamond lapping sheet 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 to winding blocks 30. As
shown in Fig. 17, a plurality of wire winding blocks 30 are secured on the
plate 18. The rubber sheet 38 is provided such that it covers a11 of the
wire winding blocks 30. In the example shown in Fig. 17, when the diamond
lapping sheet 39 is provided on the rubber sheet 38, the 15 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 91. Next, the
part of the diamond lapping sheet 39 protruding from the edge of the ground
paper 91 is aligned with an edge of 2o the region of the rubber sheet 38
where the diamond lapping 9 sheet 39 is to be provided, 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. 25 Fig. 18 is a plan view showing a state wherein the
diamond lapping sheet 39 has been stretched on the rubber sheet 38, and
Fig. 19 is a front view of the same state. As   2 2 JAN 2003 34 5 shown in
Fig. 18, the processing apparatus IO 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
Fig. 18). The wires 34 are arranged in the X-direction. The slider holding
jig setting plate ?0 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 embodiment. ~5 Hereinafter,
a slider holding jig setting plate of a first type is represented by a
reference number 70A, and a slider holding jig setting plate of a second
type is represented by a reference number 70B. The reference number 70
represents both of the two types of slider holding jig setting plates 70A
and 70B. 2o Fig. 20 is a plan view of the first type of slider holding jig
setting plate 70A, and Fig. 21 is a sectional view taken along the Iine
21-2I 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 25 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 are provided in a positional   ' ' 2 2 J A N
2003 



35 s relationship with each other similar to that of the ten wire winding
blocks 30 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 the
slider holding jig 80 such that a slider is in contact with the diamond
lapping sheet 39 1o 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 portion according to the invention. Fig.
22 is a plan view of the second type of slider holding 15 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 setting plate 70B
has' a main body 70b in the form of a plate provided above the diamond
lapping sheet 39 without contacting the same. The main body 70b is formed
2o with ten holes 76B through 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 2s 76B position the slider holding jig 80 such that a slider is in
contact with the diamond lapping sheet 39 with a surface of   2 Z J H iV
2U03 36 5 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 1o 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
?OB are formed t with screw holes 78 through which screws are inserted to
mount the slider holding jig detection sensor 75. i5 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), 



2o 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 2s medium. The rail portions 153 are formed
such that outer lateral walls I54 of the rail portions 153 are located
inside   2 2 J A v 2003 37 s lateral walls 152 of the slider 150 or cut
portions of a bar with a predetermined distance therebetween. Referring to
Fig. 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 1o 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 walls" are the surfaces
which are formed to extend in the direction in which air flows and which
cross the inflow side end face LE, ~s outflow side end face TR and the
surfaces to face a medium. In most cases, the inflow side end face LE,
outflow side end face 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 20 lateral walls closest
to the slider lateral walls 152 among the lateral walls of the rail
portions 153. R negative pressure generating portion 155 in the form of a
recess is defined between the two rail portions 153. The width of the rail
portions l53 is not uniform across the air 2s inflow side and the air
outflow side thereof. The width is largest at the air inflow side, medium
at the air outflow side and smallest in the intermediate region.   2 2 JAN
2003 38 s In the vicinity of the ends of the rail portions 153 on the air
inflow side thereof, there is provided taper portions I60 whose height
decreases toward those ends. At the end of the 



slider 150 on the air outflow side thereof, there is formed a magnetic head
element 157 and a terminal 158 connected to the magnetic head element I57.
The height of the rail portions 153 (the depth of the negative pressure
generating portion I55) of such a slider 150 is on the order of several Nm
(e.g., 0.5 to 5 Nm). The distance between the lateral walls 152 of the
slider .- 150 and the outer lateral walls 154 of the rail portions 153 is
15 on the order of several tens ~m (e.g., 10 to 60 Nm). 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 (A 1203 '
TiC)) and a part of the same indicated by a reference number 150b is formed
of 2o alumina (A12a) 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 25 under processing. Fig. 26
is an enlarged view of the region C in Fig. 25. Fig. 25 shows an example
wherein wire winding blocks   2 Z JAN ~pp3 39 5 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 Iower 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 15
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 2o the slider holding jig 80 and the outer lateral walls I54 of the s
rail portions and positions corresponding to second edges 162 defined by
the lateral walls 152 of the sliders 150 and the surfaces 159 toward a
recording medium (magnetic disc) of the sliders I50 perpendicular thereto.
Therefore, the rubber sheet 25 38 and diamond lapping sheet 39 provided on
the wire 34 are transformed such that parts thereof corresponding to the
first edges 161 and second edges 162 protrude toward the first   ' 2 2 ~Aw
u03 



40 5 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 3 I a of the block main body
31. When the transforming member 33 is contained in the recess 31a of the
block member 3I, the wire 34 can be moved more easily than in the case
where the recess 31a contains the elastic member 32. Therefore, when the
transforming member 33 is used as the member contained 15 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 lapping sheet 39 raised by the wire
34 2o protrude into the separating positions between the individual sliders
150. As a result, the diamond lapping sheet 39 evenly contacts two
adjoining sliders 150, which allows uniform chamfering of the sliders 150.
The magnetic head element 157 is formed on the end of 25 the slider 150 at
the air outflow side thereof. Therefore, the end of the slider 150 at the
air outflow side is preferably processed to a less degree even when
chamfered.   2 2 JAN 2003 41 5 When the transforming member 33 is used as
the member contained in the recess 31a 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 38 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 adjoining projections
33a. It is therefore possible 15 to suppress the degree of chamfering of
edges of the slider 150 on the air outflow side thereof. 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 2o the slider holding
jig 80 (hereinafter referred to as "separation width") and the like, the
width of the projections 33a is preferably 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 2s
projections 33a and the height of the same in this case are exemplary
values of 0.2 mm, 0.I5 mm and 0.40 mm, respectively.   2 2 JAt~ 2003 42 5
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 accordance with the separation width d, it is
preferably set within the range from 0.03 to 0.20 mm in the present to
embodiment. The outer diameter of the wire 34 is an exemplary value of 0.09
mm in this case. While the rubber sheet 38 preferably has hardness in the
range from 30 to 60, it is preferably softer, the greater the amount of
lapping. In this case, the hardness of the rubber ~s 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 2o by forming a layer of a lapping material on
a flexible film. The flexible film is formed of, far example, polyethylene
tereghthalate. (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 2s thereafter. Here, the grain size of the
diamond particles is an exemplary value of 0.25 Nm. The thickness of the
flexible film is preferably in the range from 0 to 6 Nm. The thickness 0 Nm
2 2 JAN 2003 43 



5 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 Nm or 2 Nm. The
swing width of the X-Y table 13 in the Y-direction is 1o 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 15 the Y-direction is
preferably in the range from 0.05 to 0.15 mm. I-lere, the swing width in
the X- and Y-directions are exemplary values of 3 mm and 0.08 mm
respectively. In the processing apparatus 10 of the present embodiment, a
plurality of wire winding blocks 30 are provided 20 on the plate 18.
Alternatively, one large elastic member or transforming member may be
secured on the plate I8 and a wire may be provided on the elastic member or
transforming member with both ends thereof secured to the ends of the plate
I8. In such a configuration, however, the tension of the 25 wire can be
unstable and processing accuracy can be consequently reduced.   Z 2 SAN
2003 44 s According to the present embodiment, the tension of the wire 34
is more stable than in the above-described configuration because only a
short part of the wire 34 is located on the top surface of each wire
winding block 30. The present embodiment therefore makes it possible to
improve processing accuracy. A configuration of the load applying portion
100 will now be described with reference to Figs. 27 and 28. Fig. 27 is
sectional view of the Ioad applying portion I00 taken from the front side
thereof. Fig. 28 is a sectional view of the load ~s applying portion I00
taken from a side thereof. As shown in those figures, the load applying
portion 100 has a weight holding plate I10 at a first stage, two frames I
11 formed only by lateral walls secured on the weight holding plate 110,
two weight holding plates 120 at a second stage secured on the 



2o respective frames I11, 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 respective
weight holding plates 2s 130. The two each frames 111, weight holding
plates 120, frames 121, weight holding plates 130 and covers 131 are
arranged in a front-and-rear direction.   2 2 JAN ~p0~ 45 s The weight
holding plate 1I0 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
I30 are 1o respectively formed with holes 122' and I32 having the same
configuration as the holes I12 in positions corresponding to the holes 1 I2
of the weight holding plate 1 I0. A weight holder I40 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 is circular sectional configuration extending in
the vertical direction. The weight holding plates 110, 120 and 130 and the
weight holders I40 correspond to the weight holding portion according to
the invention. Three weights 113 are mounted to each of the weight 2o
holders I40 at the first stage. The weight 113 is constituted by a shaft
member I14 in the form of an elongate column and a Large diameter 1I5 in
the 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 2s member 1 I4 is in a spherical configuration. The large diameter
member I I5 is formed with a recess having a circular section which is open
on the lower end face thereof, and the upper end   2 2 JAN 200 46 s 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 purpose and the like.
For example, the 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 large diameter 15 member 115 constitutes a shaft
portion 113a, and the part located above the shaft portion 113a constitutes
a large diameter portion Il3b. Therefore, the weight holder 140 holds the
weight 113 by allowing the shaft portion 113a of the weight II3 to pass
therethrough and disallowing the large diameter ,~ 2o portion 113b to pass
therethrough. Three weights 123 are mounted to each of the weight holders
140 at the second stage. The weight 123 is constituted by a shaft member
124 in the farm of an elongate column, a flange member 125 screwed to the
middle of the shaft member 25 124 and one or more load adjusting blocks 126
attached to a part of the shaft member 124 higher than the flange member
125. The lower end face of the shaft member 124 is in a   ~ 2 ~Nn 2003 47 5
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 I26 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 I24 can be inserted. By inserting the
shaft member 124 into the hole, the plurality of load adjusting blocks 126
can be stacked on the flange member I25. In this case, up to four load
adjusting blocks 126 can be stacked. is 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 Ioad adjusting
blocks I26 also corresponds to the 2o block having a predetermined weight
according to the invention and, for example, it weighs 25 g. Therefore, by
changing the number of the Ioad 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 2s decrement. The uppermost load
adjusting block 126 of the weight 123 at the second stage is locked with a
screw in a constant   2 Z JAN 2p03 48 5 position relative to the shaft
member 124, i.e., the position of the uppermost block I26 in the case that
four load adjusting blocks 126 are stacked, regardless of the number of the
load adjusting blocks 126. The reason is that it is necessary to urge the
weight 133 at the third stage 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 15 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 I33 are mounted to each of the
weight 2o holders I40 at the third stage. The weight 133 is constituted by
a shaft member I34 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 25 135. The lower end face of the shaft member 134 is in
a spherical configuration. The outer diameter of the flange member 135 is
greater than the outer diameter of the shaft   - ` .2 2 JAN 2003 49 5
member I34. The outer diameter of the load adjusting blocks 136 is equal to
the outer diameter of the flange member I35. Each of the load adjusting
blocks 136 is formed with a hole through which the shaft member 134 can be
inserted. By inserting the shaft member 134 into the hole, the plurality of



laad 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 15 : 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 I36 also corresponds to the block
having a predetermined weight according to the invention and, for example,
it weighs 25 g. Therefore, by 2o changing the number of the load adjusting
blocks I36, the weight of a weight 133 as a whole can be varied within the
range from 25 g to I25 g, 25 g being one increment or decrement. It is not
necessary to screw the uppermost load adjusting 2s block 136 of the weight
133 at the third stage in a constant position relative to the shaft member
134.   2 ~ J A N Z003 50 s The part of the shaft member 134 of the weight
133 at the third stage protruding from the lower end face of 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 I40 holds 1o 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 1I3,
123 and 133. ~s 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 2o grooves I39 on the holes of the weight holders I40 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. l,guides 101 extending in
the Y direction are provided on the rail portions 29 provided on the 2s
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   ~ 2 ~~~ 2003 51 5 movement of
the engaging portions 102 along the guides I01 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 I10 in the 1o 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 Ji engaging
portions 105 along the guides 104 causes the movable portions 109 to move
in the vertical direction. is . The vertically movable portions 109 are
driven by vertical driving cylinders 108 in the vertical direction. The
vertical driving cylinders 108, vertically movable portions I09, guides 104
and engaging portions 105 correspond to the holding portion moving means
(device) according to the invention. The 2o Y-direction movable portions
103 are driven in the Y-direction by Y-direction driving cylinders I07
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 portion 100 has been moved backward 2s to be retracted 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.   2 Z JAN 2003 52 5 The
load applying portion 100 moves the weights from a state in which the lower
end of the shaft portion 113a of the weight 1I3 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
1I3, 10 123 and l33 provided in the form of a plurality of stages
sequentially from the bottom stage. This operation will be r~ 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 15 113 at the bottom stage
are located above 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 moved downward from the state
shown in Fig. 30 2o 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 2s 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   2 2 SAN Z003 53 5 one slider holding jig 80 is loaded with
three weights 113, a load of 75 g is applied to one slider holding jig 80
where one weight I I3 is 25 g. Fig. 32 shows a state in which the load
applying portion 100 has been further moved downward from the state shown
1o in Fig. 31 to put the upper ends of the weights 113 at the bottom stage
in contact with the lower ends of the shaft portions 123a of the weights
I23 at the second stage, thereby raising the weights 123 above the weight
holders 140 at the second stage. In the state shown in Fig. 32, the upper
ends of ~5 the weights I23 are not in contact with the lower ends of the
shaft portions 133a of the weights 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 2o weights 1I3 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 Ioad applying
portion 100 has been further moved downward from the state shown 25 in Fig.
32 to put the upper 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   2 ~ ~Ar~
2003 54 s 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
1I3 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 1I3, 1o three weights I23 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
achieve such a function of the load applying portion 100, the distance that
the weights 113 at the bottom 1s stage can move in the vertical direction
must be greater than the sum of the distance between the upper ends of the
weights I13 and the lower ends of the shaft portions I23a of the weights
123 and the distance between the upper ends of the weights 123 and the
lower ends of the shaft portions 133a of 2o the 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 loading the slider
holding jig 80 with the plurality of weights 25 113, 123 and 133 in a
stepwise manner. According to the present embodiment, it is therefore
possible, for example, to chamfer an edge of the rail portions of   2 2 JAN
2G3 55 s 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 I50 from cutting
the thin diamond lapping sheet 39. The number per stage of the weights for
applying a Ioad to one slider I50 rnay be two, four or more instead of
being limited to three. The weight of each of the weights 113, 123 i and
I33 of the load applying portion 100 and the weight of the 



block constituting each of the weights 113, 123 and 133 may 15 be changed
appropriately. Although not shown, the processing apparatus of the present
embodiment is further equipped 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 2o which controls each driving part. An operation of
the processing apparatus IO of the present embodiment will now be
described. The following description also provides an explanation of a
method for processing a slider according to the invention. 25 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   2 ~ JAw 2003 56 5 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 1s 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 2o 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 to face a medium inclined relative to the lapping surface of
the diamond lapping sheet 39. 2s 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 that the surfaces to face a 



2 ~ JAN 2U03 57 s medium of the sliders 150 on the side of the air flow
ends thereof are located downward. An angle 8 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 1o than 90,
and an angle of 70 t 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 15 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 Fig. 34 to chamfer only
edges of the sliders I50 on the side of the air inflow ends thereof. 2o
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 3I a of the block main bodies 31. Therefore, the
wire 34 is provided on the elastic members 32; the rubber sheet 38 is
provided on the 2s 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   2 2 ~A~1
2003 58 s 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 to face a medium inclined relative to
the lapping surface of the diamond lapping sheet 39. 1o An angle A 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 



1s 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 preferably
increased in a stepwise manner depending on the progress of chamfering. 2o
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 corresponding to first edges 161 and second edges
I62 of the sliders 150 protrude toward the first edges 161 and second 25
edges 162. As a result, the diamond lapping sheet 39 contacts at least the
first edges 161 and second edges I62.   ' ~ 2 2 JAN 2003 59 5 At the second
step of chamfering, the X-Y table 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 I61 and second edges 162
having steps simultaneously. Thus, 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 greater amount than other edges. The edges
of the sliders 150 on the side of the air inflow ends thereof are chamfered
in a greater amount because the edges on the side of the air inflow ends 1s
are more likely to contact a recording medium than other edges. Further)
the first and second steps of chamfering chamfer the edges of the sliders
150 on the side of the air inflow end thereof into slanting surfaces. Fig.
36 illustrates a third step of chamfering. The third 2o step of chamfering
employs the wire winding blocks 30 containing the transforming 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 sheet
38 is provided on the wire 34; and the diamond lapping 25 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 positions the   



Z 2 JAN Q003 so 5 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 I I3a of the weights
113 at the bottom stage is in contact with the upper end of the slider
holding jig 80. The surfaces to face a medium 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 1s 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 .~ 2o 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. At the third step of chamfering, the rubber sheet 38 and
diamond lapping sheet 39 provided on the wire 34 are 2s 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
edges 162. As   ~ ~' JA N 2003 61 5 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 I61 are chamfered simultaneously 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. 15 While the first through third steps of chamfering may
be carried out using one processing apparatus 10 with the wire 



winding blocks 30, slider holding jig setting plate 70 and the like
replaced at each step, it is more efficient to use three processing
apparatuses IO which are set for respective steps. 2o 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 greater amount than other edges. The anti-shock properties of
the sliders 150 can be thus improved. 25 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
z 2 SAN z~~3 62 s 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 Fig. 37, the plate 90 as shown in Fig. I6
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 i is provided on the rubber
sheet 38. The plate 70B is used as the slider holding jig setting plate 70.
Therefore, according to 1s the 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 with the surfaces of the sliders 150 to face a
medium in parallel with the lapping surface of the diamond lapping sheet
39. The X-Y table I3 is swung in this .~ 2o 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 recesses 31a of the
block main bodies 31 are used similarly to the second step of chamfering
shown in Fig.35. Therefore, the 25 wire 34 is provided on the elastic
members 32; 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   ~'
~ JAN Z~Q~ 



63 5 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 sliders 150 are in contact with the diamond lapping sheet 39
with the surfaces of the sliders I50 to face a medium in parallel 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 I50. 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 15 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) 2o manufactured 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 ~m at the end thereof. The horizontal axes and
vertical axes of Figs. 39 and 40 represent positions in the horizontal and
vertical directions, respectively. 25 In the configuration shown in Fig.
39, the length of the chamfered region in the direction of the height
thereof was 0.5 Vim. In the configuration shown in Fig. 40, the length of
the   2 2 JAN 20Q 64 s chamfered region in the direction of the height
thereof was 5.0 Vim. 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 1o improvement of the anti-shock
properties of the sliders 150. A description will now be made with
reference to Figs. 4I through 46 on the relationship between the angle 8
defined by the lateral walls of the slider holding jig 80 and the lapping
surface of the diamond lapping sheet 39 and configurations of chamfered
edges according to the present embodiment. When the angle 0 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 2o configuration, for example, as shown
in Fig. 43 after the completion of the third step of chamfering. When the
angle A 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
25 completion of the second step of chamfering and had a configuration, for
example, as shown in Fig. 46 after the completion of the third step of
chamfering.   2 2 JAN 2003 65 5 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 1o um. In the
configuration shown in Fig. 45, the length of the chamfered region in the
direction of the height thereof was 2.5 Vim. Those figures also indicate
that the length of the chamfered region in the direction of the height
becomes greater, the smaller the angle 8. 15 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 8, even
after the third step of chamfering. If it is assumed that the configuration
shown in Fig. 43 represents the limit of an 2o allowable range, the angle A
must be 60 or more. 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 I50 on the side of the air
inflow end thereof in a greater 25 amount and to chamfer the first edges
16I and second edges 162 having steps. The present embodiment therefore
makes it possible to provide a slider 150 for which damage of the   2 2 J
AN Z003 66 



5 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 edges 161 when inclined compared to
a slider which does not generate a negative pressure, the processing
apparatus 10 and the method for processing a slider according to the
present embodiment are significantly effective especially in processing a
negative t pressure slider. The method for processing a slider according to
the 15 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 I61 and the second edges 162 but also other
regions including the periphery of the surfaces to face a medium of the
rail portions I53 and the 2o periphery of the outer circumferential
surfaces of the slider 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 inclined in various ways.
25 In the processing apparatus 10 and the method for processing a slider
according to the present embodiment, the diamond lapping sheet 39 is
transformed to put it in contact   Z Z J AN 2003 67 s with the first edges
161 and second edges 162 of the slider 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 39 from being eut and to thereby perform
stable processing of the slider I50. 1o According to the present
embodiment, it is further possible to adJust the load applied to the slider
holding jig 80 by loading the slider holding jig 80 with the plurality of
weights 113, I23 and 133 in a stepwise manner. Therefore, the present
embodiment makes it possible to prevent the thin 1s diamond lapping sheet
39 from being cut by the edges of the slider I50. Further, according to 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 20 or the
holes of the weight holders 140. The grooves 138 or I39 collect chips
~partieles) generated by friction between the shaft portions II3a, 123a and
I33a and the holes of the weight holders I40, thereby making it possible to
maintain a stable operation of the shaft portions I 13a, 123a and 133a. 2s
According to the present embodiment, a slider holding jig setting plate 70A
having holes 76A inclined at a predetermined angle relative to the vertical
is prepared as one type of slider   2 2 JAN 2003 6$ 5 holding jig setting
plate 70. The plate 70A positions the slider holding jig 80 such that the
slider 150 is in contact with the diamond lapping sheet 39 with the
surfaces of the slider to face a medium inclined relative to the lapping
surface of the diamond lapping sheet 39. Therefore, according to the
present ~o embodiment, the use of the slider holding jig setting plate 70A
makes it possible to chamfer specific edges of the slider I50, e.g., the
edges of the slider 150 on the side of the air inflow end thereof, in a
greater amount than other edges. Further, according to the present
embodiment, in order 1s to chamfer the first edges 161 and second edges 162
having steps simultaneously, the rubber sheet 38 and diamond lapping sheet
39 are transformed by the wire 34. In the present embodiment, the wire 34
is stretched by splitting it into a plurality of segments using the
plurality of wire winding 2o blocks 30 instead of stretching it across the
entire surface of the plate 18. As a result, the present embodiment makes
it possible to stabilise the tension of the wire 34, thereby allowing an
improvement of processing accuracy. The present invention is not limited to
the above 2s described embodiment and may be modified in various ways. For
example, while the diamond lapping sheet 39 is moved by the X-Y table 13
with the slider 150 fixed in the embodiment,   2 2 JAN 2003 69 s the slider
150 may alternatively be moved (swung) by moving 



the slider holding iig 80 with the diamond lapping sheet 39 fixed. The
invention is not limited to sliders having a configuration as shown in Fig.
24 and may be applied to to sliders having other configurations. The
present invention is not limited to sliders having a two-step structure and
may be applied to processing of sliders having structures with three or
more steps. While the embodiment has referred to a negative ~s 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. The
invention may be applied also to sliders intended for applications other
than magnetic heads, e.g., a slider for a 2o head (pick up) for recording
or reproducing information on an optical recording basis or photo-magnetic
recording basis. As described above, the first slider processing apparatus
or the first load applying apparatus fox processing a slider according to
the invention allows adjustment of a load applied 2s 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   Z 2 JAN 2003 ' 70 s to the slider holder
for holding a slider is varied depending on the progress of chamfering on
the slider, which makes it possible to prevent edges of the slider from
cutting the lapping member. The second slider processing apparatus or the
second 10 load applying apparatus for processing a slider according to the
invention moves the weight holding portion for holding weights up and down
to make it possible to apply a load to the t slider holder for holding a
slider only when necessary during lapping of edges of the slider to chamfer
the edges, and a 1s spiral 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 



2o between the shaft portion of the weight and the hole of the ...1~ weight
holding portion, which allows a smooth operation of the shaft portion to be
maintained and consequently allows a smooth operation of the mechanism.
~lith the third slider processing apparatus or the second 2s 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   2 2 JAN 2003 ' 71 5 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 1o includes: a first lapping step for
lapping a part of an edge of the slider in contact with the Zapping 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 15 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 for lapping a part of the edge of the slider in contact with
the lapping member while moving the 2o 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. It is thus
possible to lap a part of edges of a slider in a greater amount than other
2s 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 position the   2 2 JAN 2003 72 s slider holder such that a
slider is in contact with the lapping member with a surface of the slider
to face a medium inclined 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. to In the fourth slider processing apparatus or the second auxiliary
device for processing a slider according to the invention, the wire for
transforming the lapping member such i that a plurality of edges having
steps of a slider are simultaneously lapped is wound around the outer is
circumference of the main body. This stabilizes the tension of the wire,
makes it possible to simultaneously lap a plurality of edges having steps
of a slider to chamfer them and allows an improvement of processing
accuracy. It is apparent from the above description that the 2o 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.
2 ~ ~aN ~00~ 73 5 It is apparent from the above description that the
invention can be carried out in various modes and . modifications.
Wherefore, 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. 15 20 25   2 z ~~~ zoo3 74 5 CLAI11IS 1. A method for
processing a slider including the steps of: chamfering an edge of a slider
having a surface to Io 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 ~5
applied to the slider holder depending on the progress of chamfering. 2. A
method for processing a slider according to Claire 1, wherein said lapping
member is in the form of a sheet. 20 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. 25 4. A method for processing a
slider according to any 



one of Claims 1 to 3, wherein   2 2 JAN ~pn~ 75 5 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 which the slider is in contact with
the lapping member l5 with the surface of the slider to face a medium
inclined relative to the lapping surface of the lapping member. 5. A method
for proccssing a slider according to Claim 4, wherein said slider includes
a plurality of edges having 2o steps; said lapping member has flexibility;
and said step of lapping simultaneously laps the plurality of edges having
steps of the slider with the lapping member by transforming the lapping
member. 2s 6. A method for processing a slider according to Claim 1,
wherein   2 2 JAN 2p03 5 said lapping member has a lapping surface and
wherein said step of chamfering includes: a first 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 1o 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 for lapping a
part of the edge 15 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 2o
said lapping member. 



7. A method for processing a slider according to Claim 6, wherein said
slider includes a plurality of edges having steps; 2s said lapping member
has flexibility; and   ' ~ 2 JAN 2003 s said first lapping step
simultaneously laps the plurality of edges having steps of the slider with
the lapping member by transforming the lapping member. 8. A method for
processing a slider according to Claim 6, wherein to said slider includes a
plurality of edges having steps;. said lapping rrlernber has flexibility;
and said second lapping step simultaneously laps the plurality of edges
having steps of the slider with the 1s lapping member 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
20 ~ ~ said first. lapping step includes the steps of: lapping the edges of
the slider with the lapping member without transforming the lapping member;
an,d simultaneously lapping the plurality of edges having steps of the
slider with the lapping member by 2s transforming the lapping member having
flexibility. 10. A method for processing a slider according to Claim 6,
wherein   2 2 JAN ~p~ 78 5 said first lapping step chamfers at least a part
of ' an edge in contact with the 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. 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 15:.r 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 said lapping
member relative to each other in a state in which the slider is in contact
2o 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 method for
processing a slider according to Claim 



25 11, wherein said slider includes a plurality of edges having steps;   2
2 J A N 200,' 79 5 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 for 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 ~sv 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 20 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 the 2s lapping member. 14. A method
for processing a slider according to Claim 13, wherein   ' ' Z 2 JAN 2003
so 5 said slider includes a plurality of edges having steps; said Zapping
member has flexibility; and said first lapping step simultaneously laps the
plurality of edges having steps of the slider with the lapping nzernber by
transforming the lapping member. 15. A method for processing a slider
according to Claim 



I3, wherein said slider includes a plurality of edges having steps; ~5.
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 20 13, wherein said slider includes
a plurality of edges having steps and wherein said first lapping step
includes the steps of: Zapping the edges of the slider with the lapping 25
member without transforming the lapping member; and   2 2 JAN 2003 81 5
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 the 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.  .A3{.AFR.AUl .Ahl .A .A@y.A{l
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