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1 " . SLI DER BACKGROUND OF THE | | ON
1. Field of the Invention The present invention relates to a

used: for a floating magnetic head and so on. 2. Description of the
. Rel ated Art A floating magnetic head used for a magnetic disk unit

jand so on is generally made up of a thin filmmagnetic head el enent forned
lat the trailing end of a slider. The sli dﬁr generally conprises a rail

i whose surface functions as a surface facirng a medium (referred to as
-medium facing surface in the follow ng description) or an air bearing
surface and a tapered section or a stepldd¥Rthe end on the air i nfl ow
side. The rail floats slightly above the surface of a recordi ng nedi-um
-such as a nmagnetic disk by nmeans of air flow fromthe tapered section or
step. As di scl osed in Japanese Patent Laid-open No. 6-282831 (1994),
for exanpl e, BACRGRQUNDR OF 8HE IdVENIHONSss for curving (roundi ng) edges
.of the rail each between the nediumfacing surfacetand the outer side of
.the rail so thdtieldef gghsvenition not scratch a recordi ng nedi um when the
slider is swng and tilted. For the slider disclosed in Japanese Patent
-Lai d-open No. 6- Th33idsent hitvedtions relatbeto slideér usid for v flodticg magsetdd t he
slider. Sliders for magnetic heads are forned through cutting a wafer
in one direchpdad s¥deh a nunber of nagnetic head elenments are forned in
a matrix for formng blocks called bars each including a plurality of

nmagnetic 2. Description of the Related Art

A floating magnetic head used for a magnetic disk unit and so on is
generally madé up of a thin film magnetic head element formed at the
trailing end of a slider. The slider generally comprises a rail whose surface
functions as a surface facing a medium (referred to as medium facing surface
in the following description) or an air bearing surface and a tapered section
or a étep near the end on the air inflow side. The rail floats slightly above
the surface of a recording medium such as a magnetic disk by means of air
flow from the tapered section or step.

As disclosed in Japanese Patent Laid-open No. 6-282831 (1994), for
example, such a slider requires a process for curving (rounding) edges of the
rail each between the medium facing surface and the outer side of the rail so
that the edges will not scratch a recording medium when the slider is swung
and tilted. For the slider disclosed in Japanese Patent Laid-open No. 6-

- 282831, the outer sides of two rails are the sides of the slider.

Sliders for magnetic heads are formed through cutting a wafer in one

direction on which a number of magnetic head elements are formed in a

matrix for forming blocks called bars each including a plurality of magnetic



2 head eleénments in arow Rails are then forned for each bar and-the bar
‘is cut into sliders. For the slider disclosed in Japanese Patent Lai d-open
No. - 6-282831 nentioned above, the outer sides of two, rails are the sides
of the slider. However, a slider with such a shape may have chippings in
the rails through machining for cutting the bar into sliders.
Therefore a slider as showmn in FIG 24 is generally known where rails 113
‘are fornmed so that sides 114 of the rails 213 are |ocated inside sides 112
of the slider 111, that is, the cutting plane of the bar, by a given
di stance. A IHddddslemWrith i 4Chov? SRANS bt EheM fornkAl forldaeH HatQrd b bk isder
in the follow ng description. Processing is performed on such a
two-level sligginfssifbrs. | ForQHb \lider didchssad iﬁgiaféiﬁ%? PitehfLhid-0pén No.

No. 6- 12645 (1994), fo

di scl osed in Japanese Patent Lai d-open r ‘exanple,

met hods kno‘é‘”l%-léﬁ%sémfﬁgéﬂﬁkgnﬁé?j O'thé gh&a sia@&bf&eo Sk H@ﬁgg@%{g%&der

on a |l appin nds pfaced on an el astyc.
schemati c vi far i ' ' 0d. - L.y, of
sliders 111 %ﬂf(ieeg' tgog&%%%aﬁl%&%#@%%@é@%gpﬁbgf%%hag%% J#:ﬁg%%%ﬁ#%%s an
arrow 118 aggi nst di anond Lapping film 117 placed on a plate-shaped
el astic 116 3_&5%“%3%?9%@ éﬁ?%?%ﬂﬁg?ﬁ.e%i le pressed agai nst
CTectToner o R SRS 8 o S ey Ml Rt
ifi i f i gh h 1 h s 11

o0 on | e e bl Sl v ek skt bt e
25. As di scl osed in Japanese Patent Lai d-ogen No. 2-301014 (1990)

of the slider 111, that is, the cutting plane of the bar, by a given distance. A

3

slider with such a structure will be called two-level slider in the following
description.

Processing is performed on such a two-level slider as well for curving
(rounding) edges of rails. As disclosed in Japanese Patent Laid-open No. 6-
12645 (1994), for example, methods known fqr removing edges of rails
include oscillating the slider on a lapping film with diamonds placed on an
elastic. FIG. 25 is a schematic view for illustrating this method. In the
method a plurality of sliders 111 fixed to a jig 115 are pressed in the direction
shown with an arrow 118 against a diamond lappir:lg film 117 placed on a
plate-shaped elastic 116 made of silicone rubber, for example. While
pressed against the lapping film 117, the sliders 111 are oscillated in two
lateral directions for removing edges 119 of rails 113.

FIG. 26 is a magnified view of the neighborhood of the edges 119 of the
rails 113 (section A in FIG. 25) having being processed in the method shown
in FIG. 25.

As disclosed in Japanese Patent Laid-open No. 2-301014 (1990),



3 another processing nmethod is known for oscillating a |apping tape
"against rails of sliders while the |apping tape is reciprocated with a
gui de. A reduction in amount of floatation has been desired for

i mproving recording densities. An inprovenent in floatation stability has
been desired as well for higher access speed. For neeting these demands a
negative pressure slider has been used. In general the negative pressure
'slider has a recession between two rails f&r generating negative pressure.
'Such a negative pressure slider has a mnute structure on the surface

facing a recRifh8fprRdisitlg hethAT isi lendvas fohesciltatghg adbppimg tapd againstich
‘lower than that of other types of sliders. As shown in FIG 27, such

'a negative prgssWralidbhsamhild (he laphays taiid is raciprbéatddywithrageaidea recor ding
.medium When a slider 121 is tilted, edges 124 between sides 122 of the

-slider 121 and a Afi‘é(ié&goéﬁﬁaﬂ{mﬁﬂ%fﬂow@ﬁoﬂgﬁs Hetfide@iredrfof dpreeingedi um
a es 122

125 and orthogon to the si 22 may touch and scratch the recording

medi um 125. Thi I ' ' t 4 | ; | dri
Used in'a porPhnng SsERitich, P Lt dentential AGAARE SRLMAHL P, [T i oh
a slider may pe.ofiten til ¢ l4 d | ' [ :
Lmann lar S. As g ﬁgﬁ‘? d1 89 Y—le(l;f%g g‘,‘ghetrhaeccgggi]%eer%dh 2 ?oﬁa%&%'gﬁ% FP?%%(&%\A&? ﬂdg nr&evgir :jgu >
th f iti d | t han, t t h | de,. h '

HG 2ent hasRrE RS e 9 Fenl et Tn Ser P Blerfite BT,
'side of th lid 121 i ti d | t h .132 .th ' tfl

Si do. s, SholdeR s TaSiop e tRepl 4o BaLis 1ok GOBEFATAE BRBRIYT PFRERY 130
‘on the air outflow side of the slider 121 positioned Iovveg th&&athg end
131 on the aiSudhemegativgpregaure rihasp@ minute structure on the surface facing

a recording medium. In particular the height of the rail is much lower than
that of other types of sliders.

As shown in FIG. 27, such a negative pressure slider with a low rail
height may scratch a recording medium. When a slider 121 is tilted, edges
124 betw;een sides 122 of the slider 121 and a surface 123 of the slider 121
facing a recording medium 125 and orthogonal to the sides 122 may touch
and scratch the recording medium 125. This problem is particularly
noticeable in a hard disk drive used in a portable apparatus such as a
notebook personal computer in which a slider may be often tilted.

The slider 121 may be tilted in various manners. As shown in FIG. 27,
the slider 121 may be tilted with one side thereof positioned lower than the
other side. Furthermore, as shown in FIG. 28A, the slider 121 may be tilted
with an end 131 on the air inflow side of the slider 121 positioned lower than
an end 132 on the air outﬂow_ side. As shown in FIG. 28B, the slider 121
may be tilted with the énd 132 on the air butﬂow side of the slider 121

positioned lower than the end 131 on the air inflow side. As shown in FIG.
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fi r stlt dsignobiegs afshe javentiomteipravide peliderdiaving arail faming

h the second edge is
part of a medium facing surface of the slider which faces a medium, at least

part of an outer side of the rail being located inside a side of the slider so as
to achieve a slider which will not scratch a recording medium when the slider
is tilted.

A slider of the invention with a medium facing surface which faces a
medium comprises a rail with a medium facing surface forming part of the
medium facing surface of the slider, at least part of an outer side of the rail
being located inside a side of the slider. The slider includes at least first
edges each between the medium facing surface of the rail and the outei' side
of the rail and a second edge located closer to the s'i.de -of the slider than the
first edges. At least the first edges and the second edge of the slider are
removed.

Since the first and second edges of the slider of the invention are
removed, the slider will not scratch a recording medium surface with the
first and second edges when the slider is tilted.

In the slider of the invention, for example, the first edges may be

positioned at a level different from a level at which the second edge is



5 positioned. In the slider of the invention, for exanple, the
‘second edge may be a edge between the nedium facing surface of the ‘slider
and the side of the slider. In the slider of the invention, for
exanple, the first and second edges nmy be each renoved to forma curved
surface or a bevel. In the slider of the invention, for exanple, at
| east two of the rails may be provided and a section for -generating
negative pressure may be provided betweenghe two rails. In the
slider of the invention, for exanple, the periphery of the nedium facing
surface of th% g@%ﬁuand t he periphery of the slider on the side of the
medi um f aci ng Q%AEE of the slider other than the first and second edges

_ b d | . - Th .. ph f f | i,d

Gefined a5 1ol | owditheisfider of ¢hR infiptid dot eF ol Ghe Shedd pAFS MK e pue
into which an gir, f]ows ring,. opgrationds dgfined,as t i nf] o nd. The
surface on 1 nedge bebieen i meduanfoits Srine SEtheslide and the Sidera B8 1
the outflow end., On the other hand, the surface provided along the

direction of 8Pfe%| ow and intersecti ng the inflow end, the outflow end and

the nmedium facing_surface is _defined as the side of the slider. |n_nost
cases the inflow dpdhgmdidesof the invention fay exapple, dhe fust apdisseond adges

facing surface and the side. In the invention the outer sides of the
rail (s) neansmagbepeaehzemoyed toforma quved sprface sz atbaveli he sides of the
slider, regardless of the nunber of rails forned on the slider.

In the slider of the invention, for example, at least two of the rails may

be proﬁded and a section for generating negative pressure may be provided
between the two rails.

In the slider of the invention, for example, the periphery of the medium
facing surface of the rail and the periphery of the slider on the side of the
medium facing surface of the slider other than the first and second edges
may be removed as well.

‘The periphery surfaces of a slider are defined as follows in the
invention. The surface on the air inflow side into which an air flows during
operation is defined as the inflow end. The surface on the air outflow side
out of which an air flows is (ieﬁned as the outflow (;nd. On the other hand,
the surface provided along the direction of air flow and intersecting the
inflow end, the outflow end and the medium facing surface is deﬁﬁed as the
side of the slider. In most cases the inflow end and the outflow end are
orthogonal to the medium facing surface and the side. In the invention the
outer sides of the rail(s) means two of the sides of the rail(s) closest to the
sides of the slider, regardless of the number of rails formed on the slider.

Other and further objects, features and advantages of the invention



O her and further objects, features and advantages of the invention

6 wll appear nore fully fromthe follow ng description. BRIEF

DESCRI PTI ON OF THE DRAW NGS FIG 1 is a front view of the overall
structure of an apparatus for obtaining a slider of a first enbodi nent of
the invention. FIG 2 is a perspective view for illustrating an
-exanple of a slider of the first enbodinent of the invention. FIG 3
'is a magnified cross section of Bin FIG & - FIG4 is a nagnified
cross section of Cin FIG 3. FIG 5 is a cross section of the main

‘part of anot hgs  §néie ﬁﬂﬁpﬁbﬂth%foﬂbﬁ%ﬂa?&iﬁ'ﬂoﬁ.he slider of the

‘first enbodi ment of the invention. IS a cross section of the

mai n part of %@F M@R?'PE@%F’PHE PRRAVEESE for processing the slider

of the first odi rent of the iInvention. FIG 7 is a cross section

I lustrating part gqf; 4hg &%ﬁféﬂv@%@ﬂgé{@aﬂfsuﬁg@% r?ifi’&rxl':%pgargthé‘%r”di ng

the jig seen head-on. . Cross se lustrating part of
FI'G oA and. FreiBiEh dBeE GEUTEE o Bohb SLIL B | ] P CCeasing
cpparatus Shou | inE) Gk nerspeeie et s HidelbSneiane RS eSS oiferof e
Structure, . fist ginbotitbert EheGpvERRior an oxanple of a of i der having

level
two-leve FIG.3 is a magnified cross section of B in FIG. 1.

FIG.4 is a magnified cross section of C in FIG. 3.

FIG. 5 is a cross section of the main part of another example of
apparatus for processing the slider of the first embodiment of the invention.

- FIG. 6 is a cross section of the main part of still another example of

apparatus for processing the slider of the first embodiment of the invention.

FIG. 7 is a cross section illustrating part of the processing apparatus
shown in FIG. 6 including the jig seen head-on.

FIG. 8 is a cross section-illustrating part of the processing apparatus
shown in FIG. 6 including the jig seen sideways. -

FIG. 9A and FIG. 9B are views for describing :effects of the processing
apparatus shown in FIG.6.

FIG. 10A and FIG. 10B are views for describing effects of the processing
apparatus shown in FIG.6.

FIG. 11A and FIG. 11B are top views of an example of a slider having
two-level structure.

FIG. 12 is a top view of an example of a slider having two-level

structure.



_ structure. 7 FIG 13
Is atop view of an exarrpl e of a slider having two-level structure.
FIG- 14 is a top view of an exanple of a slider having three-Ievel

structure. FIG 15 is a front view of an exanple of a slider having
three-level structure. FIG 16 is a side view of an exanple of a

slider having three-level structure. FIG 17 is a perspective Vview
of the slider shown in FIG 11, having bgen processed. FIG 18 is a

front view of an exanple of a slider having two-level structure.

FIG 16 s a pl olrton330aopoviBRAT BRI BISBOL sRle LHERIPARRILYES OF  Lhe
slider shown in FIG o 20 |s§a s ?e show ng neasurenents
made on edge gﬁgﬁﬁierles of the sllder shovvn |n FIG 18. FIG 21 is a
pl ot for shovm ng nmeasurenents made on edge geonetries of the slider shown

embodi ment of  RACH AddR A R oW o difedaifiglEbey Bl Boviegidiiepar 2, SO

views for ill ust{atl ng exanpl es of edge renoving processing in the
i nventi on.

FIG. 15 is a front view of an example of a slider having three-level
structure.

FIG. 16 is a side view of an example of a slider having three-level
structure. |

FIG. 17 is a perspective view of the slider shown in FIG. 11, having
been processed.

FIG. 18 is a front view of an example of a slider having two-level
structure.

FIG. 19 is a plot for showing measurements made on edge geometries of
the slider shown in FIG. 18.

FIG. 20 is a plot for showing measurements made on edge geometries of
the slider shown in FIG. 18.

FIG. 21 is a plot for showing measurements m;adé on edge geometries of
the slider shown in FIG. 18.

FIG. 22 illustrates the main part of a slider of a second embodiment of
the invention.

FIG. 23A to FIG. 23D are explanatory views for illustrating example's
of edge removing processing in the invention.

FIG. 24 is a perspective view for illustrating an example of a siider.

FIG. 25 is a schematic view for illustrating a method of processing



FIG 24 is a perspective view for illustrating an exanple of a slider.

FIG 25 is a schematic view for illustrating a nethod of processing

.8 stiders of related art. _ FIG 26 is a magnified view of section A
t he nei ghborhood of the edges of the rails having been processed in the
~met hod shown in FIG 25. FIG 27 is an explanatory view for
illustrating a manner in which a slider is tilted. FIG 28A and FIG
28B are explanatory views each for illustrgting a nanner in which a slider
is tilted. FIG 29A and FIG 29B are explanatory views each for

illustrating &; ' ' 1!F#g{chaslider is tilted. DETAILED DESCRI PTI ON
OF THE PREFER%EBQE%%%E | Preferred enbodi nents of the invention

wi Il now be descr ighadoi L 4 L r t.o t i

i avi ngs. A si i der 10 28 1 prinfhifl bidw 68 SAcHER he MG REGHUIBADY Ml edgey
athinfilm t | der 1w a_wedi,um facin upfkace which
faces a nedi %@#p@s@ﬂggr{%ﬁ? p%l&cgs%eg l%teﬁgﬁlﬁ?%&%“g%ﬁg%é %r m ng part
of the medi um f acj r.f ace 0 the slider. ..at | east part of.an.quter side
of the rail bei noFg 2 iR oblanatty S i thlsruriit A SRSt i FAReE Ao voes
at least fi rSLl'gfdgleZ' g‘gﬁh between the nedium facing surface of the rail
and the out erSie¥dsil®ete (ai| and a second edge |ocated closer to the

Sdge of the ol i doFidir 258 Fifiooal als eiplenators Pl Suh rdllustrating #1 G 2
shows an éxarrrglagng; il?légl?icﬁ asslliige?‘rfs t;rlgeed.f irst edges and the
FIG. 29A and FIG. 29B are explanatory views each for illustrating a
manner in which a slider is tilted. |
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Preferred embodiments of the invention will now be described in detail
with reference to the accompanying drawings. A slider of a first
embodiment of the invention is one used for a thin film magnetic head. The
slider with a medium facing surface which faces a medium comprises a rail
‘with a medium facing surface forming part of the medium facing surface of
the slider, at least part of an outer side of the rail being located inside a side -
of the slider. The slider includes at least first edg;s each between the
medium facing surface of the rail and the outer side of the rail and a second
edge located closer to the side of the slider than the first edges. The first
edges and the second edge of the slider are each removed to form a curved
surface.
‘FIG. 2 shows an example of such a slider. The first edges and the

second edge of the slider are each removed to form a curved surface as

described above. The slider 50 shown is a negative pressure slider having



second edge of the slider are each renoved to forma curved surface as
~descri bed above. The slider 50 shown is a negative pressure slider having

9 two rails 53 whose surface functions as a nmedium facing surface. The
rails 53 are fornmed so that outer sides 54 of the rails 53 are pl aced

i nside sides 52 of the slider 50, that is, cutting sections of a bar, by a
gi ven di stance. The direction of air flow during operation is shown
with numeral 66 in FIG 2. For the slider.g50, the surface on the air
inflow side into which an air flows is defined as inflow end LE. The

surface on th I - I i . | C Ng.ai roflo | ef 4
out f| ow end T?&Wgéﬁl ﬂghgegvg 3$ sﬁgfﬁgéjht“g%mng% %gg%&g%@cb%%@ a %ﬁg tﬁggqaﬁg
direction of air flow and iptersecti. knf | en E. oytflow end .T,

Che e um { aBBAgedarpalFosRat hRFF 1ifds 5ot e Fills spiare hlad Pielde sfSs HY
nost cases i nflow L d,outflow end,.TR ate, ort{ hoganal ,tq the nmedi um
ool e oot ok Bk Shdler 6 Stat 6. bt \BPridns O£ badi YA HRR distante, o ont or
sides 54 of the rajls. 53 nean . two_of the sides of ,the rail s 53 closest to
the sides 52 of t %@S%tﬂo%?fWﬂOWdBé%%PP’iaﬁ’é’nth“%‘*E” npmezal864p; ve
pressure generating section 55 _in the formof concaye. The_ w dth_of each

of the rails 3G @ ndiorthesbdar pPothe syrdacy on the ap Wwesiflg ipta-which gmam o\

side. The air inflowside is the widest and the air outflow side is the

next widest wiows isklefinedrasoinflow gad Jden The surface gnthaair outflow sidegut of
section 60 is formed in the nei ghborhood of the end of the air inflow side
of each of thwhichlan &3 flowsistdefipted af outflow epd /TRl sQuttherothes hhodethent t he
end. A magnetic head elenment 57 and termnals 58 connected to the nagnetic
head el ement 5urfaces provided alorghtheeditection bfair flow and intersecting inflow end

LE, outflow end TR and the medium facing surface are defined as the sides of

the slider 50. In most cases inflow end LE and outflow end TR are

orthogonal to the medium facing surface and the sides. For the slider 50

shown in FIG. 2, the outer sides 54 of the rails 53 mean two of the sides of

the rails 53 closest to the sides 52 of the slider 52.

Between the two rails 53 is a negative pressure generating section 55

in the form of concave. The width of each of the rails 53 is not uniform from

the air inflow side to the air outflow side. The air inflow side is the widest

and the air outflow side is the next widest while the section in between is the

narrowest. A tapered section 60 is formed in the neighborhood of the end of

the air inflow side of each of the rails 563. The height of the taf)ered section

is lower at the end. A magnetic head element 57 and terminals 58

connected to the magnetic head element 57 are formed at the end of the

slider at the air outflow side. The height of each of the rails 53 (the depth of

the negative pressure generating section 55) is of the order of z m (0.5to 5

i m, for example). The width between the side 52 of the slider 50 and the



slider at the air outflow side. The height of each of the rails 53 (the
depth of the negative pressure generating section 55) is of the order of p
m(6.5to 5 p m for exanple). The width between the side 52 of the slider

50 and the 10 outer side
54 of the rail 53 is of the order of tens of p m (10 to 60 p m for
exanpl e) . The slider 50 includes first edges 61 each between the

medi um facing surface of each of the raikg 53 and the outer side of the
rail 53 and second edges 62 each between a side of the slider 50 and a
surface of t Laer . : or di | rg t si de
of the sli de?)%gglf ls%esl?lgﬁslfe ra{elgggé}ggﬁﬁf% ﬁzgieg'g)é'g% gg es“ti z?@'?‘ggbs‘? iqaéﬁﬁ‘are
each renoved to f rina curved surface. The majority of part

HH@S "a

i ndi cat ed wi %K% | 50a of the slider 50 shown in FIG 2 is nade of

al um num oxi de ang, tif.ani ymp.carhi de (Allerr enrl-TiC, .for .exanple. Part
of “The ai r out 1 obhe phider 86 tudss Bebdiiens'qTast hetireeh thi nedfin hciiee
magneti c head elenment 57 and th rmpals 58. |, An ap atys for

obt ai ni ng t h&UEAcq aath.ohehe kEdAPRERA th uies gide.of vl Boandmecond | s o
front view of the gverall structure aof the processing apparatus. FIG3 is
a magnified @dges 62 tweep 4 sidejofthe slidex:HQ and g suxfage of tha elider $Qte her
magni fying Cin FIG 3. The processing apparatus 10 is provided for

renovi ng speda¢e 8 recopding medingeerthogonal totthe side obthe slidendRr aThe firet
conprises a main body 11 on which a base 12 is provided. On the base 12 an
X-Y tabl e 13 edgealaind the sekendk edgesof thesliderchre edchaeniavedite fprmeecurvede X

direction is the lateral direction in FIG 1. The Y direction is the
direction ortsmefpeeal to the sheet surface.

The majority of part indicated with numeral 50a of the slider 50 shown
_in FIG. 2 is made of aluminum oxide and titanium carbide (Al203-TiC), for
example. Part of the air outflow side is made of alumina (Al20s3)
surrounding the magnetic head element 57 and the terminals 58.

- An apparatus for obtaining the slider of the embodiment will now be
described. FIG. 1 is a front view of the overall structure of the processing
apparatus. FIG.3 is a magnified cross section of Bin FIG. 1. FIG.4isa
cross section further magnifying C in FIG. 3. The .processing apparatus 10
is provided for removipg specific edges of sliders. |

The processing apparatus 10 comprises a main body 11 on which a base
12 is provided. On the base 12 an X-Y table 13 movable in the X direction
and Y direction is placed. The X direction is the lateral direction in FIG. 1.
The Y direction is the direction orthogonal to the sheet surface.

The X-Y table 13 comprises: a fixed plate 14 fixed to the base 12; an X-
direction oscillating plate 15 placed on the fixed plate 14; and a Y-direction

oscillating plate 16 placed on the X-direction oscillating plate 15. Guides



The X-Y table 13 conprises: a fixed plate 14 fixed to the base 12; an.X-
direction oscillating plate 15 placed on the fixed plate 14; and a
Y-direction oscillating plate 16 placed on the X-direction oscillating
pl ate 15. Gui des (not shown in the figure) each having a
bearing and extending in the X direction are provided on the top surface
of the fixed plate 14 at both ends thereof in the Y direction. Engaging
sections 17 extending in the X directionjgre provided on the |ower
surface of the X-direction oscillating plate 15 at both ends thereof in

.the Y directign nova ngagi n ith th ui des, pr.ovi . 0 fixed
blate 14 The BebShodhiindth e eich Batnhe & Brafiy s S @At &0
.engagi ng sectigns 17 noving.al on h ui des op_t he i xed a 4, i des
1ﬁ each havic nﬁ%?@%\%p@%ﬁ%ﬁ?‘gﬁﬁ?gﬂ%ﬁﬂsﬁ% °€thed'ﬁf‘%‘i§’¥%% ]:14 3£ E?é*/?ﬂ Y on
‘the top surface of the X-direction gscillating. plat 15 .at bot.h gnds
‘thereof in théﬁﬁf?ﬂfrlﬁéhﬁtﬂdu'ﬁﬁﬂaﬁi n ngé@’cnrg)ﬂ%"% schd extepAtpe ’rnnhf‘hg Y
‘direction are provided on the |ower surface of the Y-direction _oscillating
plate 16 at betirecsionarerprovided on the lowern surfacend the X-girestipp osgilladingplale « h
the guides 18 provided on the X-direction oscillating plate 15. The

osci |l ati ng pllsat bethendssthareofim thedY dixaction fiar mrovably engaginggwitbctheons
.19 noving along the guides 18. The X-Y table 13 corresponds to an

‘osci | | ati ng negprdespravided vn thefixed: plate 4t hTheroseillating plate 15 movesin the
Y-direction oscillating plate 16, a plate-shaped el astic nenber 21; a
plurality of X descfisnprithalieiengaginglsectionisdt? mtovipg elongtther gasides on thiee

el astic nmenmber 21; a lapping filmretainer 23 in the form of sheet having
elasticity pl ged glaté e, Wthdde218 casH avihgatbwdrimpand ¢xténding4nitheihg

direction are provided on the top surface of the X-direction oscillating plate
15 at both ends thereof in the X direction. Engaging sections 19 extending
in the Y direction are provided on the lower surface of the Y-direction
osﬁillating plate 16 at both ends thereof in the X direction for movably
engaging with the guides 18 provided on the X-direction oscillating plate 15.
The oscillating plate 16 moves in the Y direction with the engaging sections
19 moving along the guides 18. The X-Y table 13 corresponds to an
oscillating means or a drive apparatus of the invention.

On the Y-direction oscillating plate 16, a plafe-shaped elastic member
21; a plurality of wires 22 placed in one direction at given intervals on the
elastic member 21; a lapping film retainer 23 in the forﬁ of sheet having
elasticity placed on the wires 22; and a diamond lapping film 24 having
flexibility placed on the lapping film retainer 23 and thereby retained are
provided. The diamond lapping film 24 corresponds to a lapping member of
the invention. The lapping film retainer 23 corresponds to a lapping

member retainer of the invention. The elastic member 21 and the wires 22



flexibility placed on the lapping filmretainer 23 and thereby retained are
provi ded. The dianond | apping film 24 corresponds to a | appi ng nenber of
the tnvention. The lapping filmretainer 23 corresponds to a | apping

menber retainer of the invention. The elastic nmenber 21 and the wires 22

12 correspond to deform ng nmeans or apparatus of the invention. The
elastic nenber 21, the wires 22 and the lapping filmretainer 23
correspond to |apping nenber retaining neges. The el astic nmenber 21, the
wires 22, the lapping filmretainer 23 and the dianond | apping film 24

will be descridesbspBnd46idibrhctinedlls pr aappjalrétuglcﬁ'tt e HhvERee" t@ﬂg‘&(ﬁﬁicf our

shafts 25 for determning a position o I's placed above t anond

11770 be connaayEhes ZIYEE wAREC2Phnl the léﬁ%ffﬂ@f i fﬁ%ﬁnn%fﬁg%éﬁésﬁﬂm o
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connected to grj\ie unit not shown in the main body 11. The plate 28 is
vertically- m)@(? a’\*/iﬁ?rt% shafts 27 vertically noving by neans of the

drive unit. Th | gte 26 has a . plurality of holes to which a jig 31
s inserted. FrafbRiate e supported it %@Qﬂfé@%f%’f etprminiagsa positieg of a

menbers are fixed to the plate 28 in_positions corresponding to the holes
in the plate 2gisplaced ahmtlmdmwﬂawmgmm 24! cThe lpwenends of the34 f or

the pressurizing mnenbers is provided on the plate 28. A plurality of
pressuri zi ng shafler2d are inserted to main body 11 to be connected to a drive unit not

shown in the main body 11. The plate 26 is vertically moved with the shafts
25 vertically moving by means of the drive unit. .

A plate 28 supported with four shafts 27 for determining positions of
pressurizing members is placed above the plate 26. The lower ends of the
shafts 27 are inserted to main body 11 to be connected to a drive unit not
shown in the main body 11. The plate 28 is vertically moved with the shafts
27 vertically moving by means of the drive unit.

The plate 26 has a plurality of holes to which a jig 31 is inserted.
Frames 33 for determining positions of the ;;ressuxiizihg members are fixed
to the plate 28 in positions corresponding to the holesin the plate 26. The
frames 33 each have three holes. An enclosure 34 for the pressurizing
members is provided on the plate 28. A plurality of pressurizing members
35 are provided inside the enclosure 34. Each pressurizing member 35 has
a spindle 35a and a weight 35b coupled to the upper end of the spindle 35a.
The spindles 35a of the pressurizing members 35 are inserted to the holes in

the frames 33. The tips of the spindles 35a come to contact with the upper



35 are provided insi.de the enclosure 34. Each pressurizing nenber 35 has a
spi ndl e 35a and a wei ght 35b coupled to the upper end of the spindle 35a.
The spindles 35a of the pressurizing nenbers 35 are inserted to the holes
in the franes 33. The tips of the spindles 35a conme to contact with the
upper 13 end of the jig 31
inserted to the holes in the plate 26. Loads of three of the pressurizing
menbers 35 are thereby applied to each of tge jigs 31. As shown in FIG 3
a plurality of sliders 50 are fixed,to the jigs 31. An X-direction

oscillation ngd Pbf file jig ﬂrﬁ\éb%a tb&hh%lé@imtﬁwﬂl?étéée ALoQH%'&f%H?éée&‘the

rotator 42 is fixed to a drive shaft of the oscillation motor 41. A cam 43

having a bearbilshsialiyGbiiflid NP8l hReHEaBRIEN 94 chiRBr the eiate shalt | of

t he oscillat| n notor 4 n the rotator ui de exte Ing in the Y
direction for | face of the X-
direction osm%%'gl&%gqg]at eﬁ%%%sz)fgg%xg 8?‘995‘2& '?ﬁ@ 1&'3%[’1' on of the
oscill ation notor The cam 43, t.herebh es_al o th ui de t hat

the gui de 44 and én?‘é&%crﬁomsa 4 BltarBLs PF%‘P@‘Q‘?PP%RQ B 6 Pl B
base 12 and t |xed have ,hol e rot ator .42 agnd
the cam 43 ar‘g‘ skrahape for 12 1&%@@&#&‘%{ €S eo?‘? qn motp ’é‘ﬁ iy
provided in the body sk: shaped., t ot tor 46 ed.t.o ive
Phatt of t he €A% BRVIBE aBeizingis Kxed i ppenit m& nae{%i'aﬁp Fheaive shako 5
position decentered fromthe drive shaft of the oscij Iatlon mpt or. 45 on
the rotator 49 the osgillatiopgmoter ddiomgtherotatord2 dlA‘gB’fdeo‘H‘i?IS‘?e"é&PIMQh?Pfe

cam 47 is provided on the |ower surface of the Y- —direction oscillating
pl ate 16. Thedireetiony foroguiding the pamotdis provided or the lower surface of the X-

direction oscillating plate 15. The cam 43 rotates with rotation of the

oscillation motor 41. The cam 43 thereby moves along the guide 44 so that
the guide 44 and the oscillating plate 15 oscillate in the X direction. The
base 12 and the fixed plate 14 each have holes to which the rotator 42 and
the cam 43 are inserted. |

AY-direction oscillation motor 45 is provided in the main body 11. A
disk-shaped rotator 46 is fixed to a drive shaft of the oscillation motor 45. A
cam 47 having a bearing is fixed to a position decentered from the drive shaft
of the oscillation motor 45 on the rotator 46. A gui:de 48 extending in the X
direction for guiding the cam 47 is provided on the lower surface of the Y-
direction oscillating plate 16. The c:«;lm 47 rotates with rotation of the
oscillation motor 45. The cam 47 there‘by moves along the guidé 48 so that
the guide 48 and the oscillating plate 16 oscillate in the Y direction. The
base 12, the fixed plate 14 and the oscillating plate 15 each have holes to
which the rotator 46 and the cam 47 are inserted.

Reference is now made to FIG. 3 and FIG. 4 for describing the jig 31,



oscillation notor 45. The cam 47 thereby noves al ong the guide 48 sa that
the guide 48 and the oscillating plate 16 oscillate in the Y direction. The
base- 12, the fixed plate 14 and the oscillating plate 15 each have holes to
which the rotator 46 and the cam 47 are inserted. Ref erence i s now
made to FIG 3 and FIG 4 for describing the jig 31,

14 the sliders 50, the elastic nenber 21, the wires 22, the lapping film
retainer 23 and the dianond |apping film24. As shown in the figures, a
plurality of jig fixtures 31la are provided at the |ower end of the jig 31.

The sliders 5@ngQlidbfs B@Pﬂﬁse‘lﬁgti@hf‘eﬁbézeﬂl,t&e_waﬁgk 19, Eﬁéi&tﬁﬁﬁgm Fdtadnigh

bondi ng, for exanple. e wres 22 provided on the elastic nenber 21

2
are each pl ac | | 1] g3gpBedi n f3 6 {]?a]i’t
second edge 6?3 dlrﬁiea?? ?g‘h{’%‘%ﬁe‘&g&‘% S tgg' egstesﬁgetnv\ienre%etﬁggfr?ga%ﬁn amyn(i:]f
surface of th ' ' Al dq 5 . '

20 1 wed to g Ektras s3lebFovitticly thedief ol of e 1 41, B shiflere B0 857 )
of the slider,50 and a,surfaceg 59,0f.. the sli 50 faecing. di

medi um and or Pﬁé’d’8ﬁ%ﬁsefic?rﬁ§‘e§1 tt?eth%ilg Bﬂs‘h@é?ﬂ%ﬂ%’ ugﬁﬁfgnﬁﬁﬁn 3 .rfﬁﬁ W npte.
retai ner 23 placed.,on the wires.22.and,th di d | ' film?24.

retai ned by ltohe rg'fléﬁ Wares s proyl 8?%\‘9 eiyt}ciq%?n r?’ggéegg?cé’lsgg‘fﬁéﬁﬁato
the first edges 61 .and the second edges .62 ject t d h irst ed
o e ez pniRee 1o a3 40 A U S oot S 1 e 00
05 “Bot b ends 6dgs S1n the edge hebween Sbe Jadings thesne SuFG0s f HRRiral 5 and the
projections forned at ends of the oscillating plate 16. The el astic
member 21 is outer sitle pdnfthe; rail é&@ﬁtbgslsdemg% ed ipbhe jigahh nbbhe pecondy

hardness of 30 and a thickness of 5 mm for exanple.
edge 62 is the edge between the side 52 of the slider 50 and a surface 59 of

He

the slider 50 facing a recording medium and orthogonal to the side 52.
Consequently, the lapping film retainer 23 placed on the wires 22 and the .
diamond lapping film 24 retained by the retainer 23 are deformed so that
parts corresponding to the first edges 61 and the second edges 62 project
towards the first edges 61 and the second edges 62. As a result, the
diamond lapping film 24 is brought to contact with at least the first edges 61
and the second edges 62. Both ends of each of the wires 22 are fastened and
fixed to pro;iections formed at ends of the oscillatin:g plate 16.

The elastic member 21 is made of a material such as silicone rubber
and may have a hardness of 30 and a thickness of 5 mm, for example.

The wires 22 are made of synthetic fibers such as nylon (trade name) or
stainless steel, for example. The outer diameter of each of the wires 22 is
appropriately determined depending on factors such as distance ‘d’ (referred
to as ‘separation width’ below) between neighboring two of the sliders 50

fixed to the jig 31 so that the diamond lapping film 24 is brought to contact



The wires-.22 are nade of synthetic fibers such as nylon (trade  nane) or
stainless steel, for exanple. The outer dianeter of each of the wires 22 is
appropriately determ ned dependi ng on factors such as distance 'd'
(referred to as 'separation width' bel ow) between neighboring two of the
sliders 50 fixed to the jig 31 so that the dianond lapping film24 is

brought to contact 15 wth
the first edges 61 and the second edges 6235lt is preferabl e to determne
the outer dianmeter in a range from0.05 to 0.4 mm is preferable that

the outer di agptgin0leaAchaal 6f Bd ?@ﬁ@&%b&geso%@erItHQ?i‘gfe??ﬂférﬁ)tiOn wi dt h

'd. Inthis e I men aration w e outer

di anet er of t%ﬁ(xy‘a%{e‘ Z&é&tt%eréﬁn ﬁmn%%t 4@&'8@%“9 film

retainer 23 is |cone er and ‘has a

har dness of 50, X referabl h thlc to 0.3
mm In this efSsHr fﬁa{%ﬁ? g’?@?‘?rtﬁ*ﬁ fﬁ\ogghedﬁ’ %@nger D The

di anond | appi film24.i de up. flexible film and Ap | ayer
forned ther eoﬁgpﬂ:ﬂ‘ I%a%ﬁb%a ﬁ'é‘ﬁ?-‘é odimept SeRAr aﬁ’é’nrfﬁtfg'%ofl ’é%ﬁg'i Efﬁolff
such as pol yet hyI ene Eerepht te (PET) The Iapp| ng |l ayer. may be forned
t hrough appl yith W"‘N’Pg B8 A8 mprasEmesamplesi e filmto be

then dried. In thls errbodl ment the di aneter of the diappnd _graipn is 0.25 p
m the flexible f.Tlm1anmnaéﬂmmtmrzmeméguﬁgmamahwc@k&ﬁe@%mgne[ m

and the whol e thickness of the dianond |apping film24 is 7 m as an
exanpl e. rubber angdrhefser hbrdnessaf &%&mmmphtamd\pmfdrablmfhasmmdcknessgI e
13 in the Y

0of 0.1 t0 0.3 mm. In this embodiment the thickness is 0.3 mm as an
example.

The diamond lapping film 24 is made up of a flexible film and a lapping
layer formed thereon, for example. The flexible film may be made of a
material such as polyethylene terephthalate (PET). The lapping layer may
be formed through applying diamond grains with a binder over the flexible
film to be then dried. In this embodiment the diameter of the diamond
grain is 0.25 u m, the flexible film thickness 4 p m, the lapping film
thickness 3 u m and the whole thickness of the diamond lapping film 24 is 7
4 m as an example. |

It is preferable that the oscillation width of the X-Y table 13 in the Y
direction is wider than thatin the X direction. When seperation width ‘d’ is
0.2 mm and the outer diameter of the wire 22 is 0.285 mm as described above,
the oscillation width is preferably 0.05 to 0.15 mm in the X direction and 3 to
10 mm in the Y direction. In this embodiment the oscillation width is 0.08
mm in the X direction and 5 mm in the Y direction as an example.

The operation of the processing apparatus 10 of the embodiment will



direction is wider than that in the X direction. Wen separation width 'd'
Is 0.2 mmand the outer dianeter of the wire 22 is 0.285 mm as descri bed
above, the oscillation width is preferably 0.05 to 0.15 nmin the X
direction and 3 to 10 nmin the Y direction. In this enbodi ment the
oscillation width is 0.08 mmin the X direction and 5 mmin the Y
direction as an exanple. The operation of the processing. apparatus 10
of the enbodi ment wll 16 :

now be described. For processing the sliders 50 using the processing

appar atus 10, nhRehdléctibedy ForProtsindthd SidersBroasingatheqirecddsiegl to the
jig 31 through bonding, for exanple, wth the surface of the sliders 50 to

face a recor Q%ﬁ'ﬂrdfﬁg HOTERO Puralitg of blidersS506 Bé ?i'cmeﬁsé“d @ﬂeﬁﬁé&t&ﬂiéljgégi
a

t hrough polishing the surface to be the nmediumfacing surface of a bar

including a W;ﬁ%ﬁﬁg,@?%ﬁhhfm@fﬁﬁﬂwm gAslidars 50%odER hor m ng

rails on the lon mlling and so ontand then cutting the

to the ho ei‘eﬁ.cﬁrﬁ}% il e | Ffp SR fo 36 thiskfHel UEY BbBhibBd ARGULED
th t . ' 23 /th.th i zi

renber o 25" Do B e el AR g 00

The | appi ng. {PlUALHeDmnoRs Brad leRitnts Rlsce ulind aal foHise Falle i the

| apping film24 retained by the retajner 23 are deforne o that parts of

the sliders 5bakbyeespmef og ngang §o ep fé)sen&utgwg &=cond edges 62

project towards the first edges. 61 and the second edges .62. a result,
the di amond | appi MNgxti the g 3 @@g@w]gerpégﬁi ergtodis %a@%éaéﬁtgﬁioi%

second edges 62. Next, the X-direction oscillation notor 41 and the
Y-direction in the plate 26 so that the sliders 50 are brought to contact with the lapping

film retainer 23. With the shafts 85a of the pressurizing members 35
brought to contact with the upper end of the jig 31, a pressure is applied to
the jig 81 in the direction shown with arrow 65 in FIG. 3. The lapping film
retainer 23 placed on the wires 22 and the diamond lapping film 24 retained
by the retainer 23 are deformed so that parts of the sliders 50 corresponding
to the first edges 61 and the second edges 62 project towards the first edges
61 and the second edges 62. As a result, the diamond lapping film 24
contacts at least the first edges 61 and the second P:dgés 62.

" Next, the X-direction oscillation motor 41 and the Y-direction
oscillation motor 45 are driven for oscillating the X-Y table 13 in the X and Y
directions. The diamond lapping film 24 is thereby oscillated to the first
edges 61 and the second edges 62 of thé sliders 50. Processing is thus
performed on the sliders 50 for curving (rounding) the first edges 61 and the
second edges 62 at the same time. As a result, the sliders 50 each with the

first edges 61 and the second edges 62 curved as shown in FIG. 4 are



oscillation notor 45 are driven for oscillating the X-Y table 13 in the X
and Y directions. The dianond | apping film24 is thereby oscillated to the
first edges 61 and the second edges 62 of the sliders 50. Processing is
thus perfornmed on the sliders 50 for curving (rounding) the first edges 61
and the second edges 62 at the sane tine. As a result, the sliders 50 each
with the first edges 61 and the second edges 62 curved as shown in FIG 4
are 17 17 obtai ned.

The radius of curvature formed through renoving each of the first edges 61
and the secon@begligeg. 62 is appropriately determned in a desirable range.
‘As described so far, the sliders 50 are obtained wherein the first edges

61 and second edgephSgadiug JfLUPYAUrE Forfhsd: V&%&Hﬁ%%t%ﬁg o}?eﬁe%ﬂséers

50 will not scratch a surface of a recording lum w t irst edges 61

il _ | | hie TiTst
arcat or possi BEPDg 1S HEFfhehitcfios 62 in apfrAifaly e Pherpiin L NAGFAIEG °

when tilted t FHeé slider not generating a negative pressure. Therefore
the embodi ment 6P the invention is particularly effective for negative

pressure sliders. hn ot he. embodi;nent when.the first edges £H1, and the
second edges 62 af¥® d?smg&oef?ﬁg&&s}%ﬁa @fﬁﬁi%éaﬁwgar%ﬂﬁﬁ£f85§3%|
t he periphery qQf the diym facing surface of the raiJs 53 other than the
st ednes. bPLand SorondadelBlaretitustiln Gem & guipd frlonic THe shgers

di faci rface other than_, the secongd edges, 62 and fhese parts are
[rﬁ u IS ! ;ne nﬁﬁ;gg g@uvyf ngt,serateh,a surface of a recortg.ng ngle(iium with the first gdges 61

and the second edges 62 when tilted.

A negative pressure slider has a greater possibility of touching a
recording medium with the first edge 61 when tilted than a slider not
generating a negative pressure. Therefore the embodiment of the invention
is particularly effective for negative pressure sliders.

In the embodiment, when the first edges 61 and the second edges 62 are
removed, the diamond lapping film 24 touches as well the periphery of the

. medium facing surface of the rails 53 other than the first edges 61 and the
periphery of the slider 50 on the side of the medium facing surface other than
~ the second edges 62 and these parts are thus i'emox:red at the same time.
Therefore the slider 50 is obtained which will not scratch a recording
medium when tilted in various manners as shown in FIG. 27 to FIG. 29.

In the processing apparatus 10 for obtaining the slider of the
embodiment, the diamond lapping film 24 is deformed so as to come to
contact with the first edges 61 and the second edges 62 of the sliders 50. If
the diamond lapping film 24 is not retained by the lapping film retainer 23

with elasticity but retained simply with guides and so on as disclosed in



Therefore the slider 50 is obtained which wll not scratch a recording
medi um when tilted in various manners as shown in FIG 27 to FIG 29.

" In t-he processing apparatus 10 for obtaining the slider of the enbodinent,
the dianond | apping film24 is deformed so as to cone to contact with the
first edges 61 and the second edges 62 of the sliders 50. If the dianond

| apping film24 is not retained by the lapping filmretainer 23 wth

el asticity but retained sinply with guidesigand so on as disclosed in

18 Japanese Patent Lai d-open 2-301014 (1990), for exanple, and the di anond
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cutting of the i gmond, | appi n il m 24 i d | ng,of th
liders 50 isﬁmﬁr%‘h@g@ﬁ G he i cdgee B4 the fafiing MR BATARgS |1
apparatus 10 the plate-shaped el astjc er.21 is . Rl d .th -Y tabl
é3 and-I t heI Wi ?%%1322“%?-%3ﬁFgﬁﬁmﬂcﬁﬁqg}gg%aﬂ%‘feEsI%a&%?.aocgb‘ﬂﬁaer ) toa ©
irectly placing the wires 22 on the X-Y tabl 3 th [ d, | I,

film 24 conescansrasinthe empodiment &Mowtiédgégle@}l lapming, GImced t be ggélégg%z
of the plurality of sliders 50 in a uniform nanner. FIG 5 is a cross
section of t hby the lapping fgm setainer 23 weith elasticityapdararesls, sutipgaithag a

sliders ofthe enbodi ment of the invention. The processing apparatus has a
confi gur at i ondisimeondlappingHilm 84 is preyanded sidrprocessing of the sliders 50 is thus

achieved with stability.

In the processing apparatus 10 the plate-shaped elastic member 21 is
placed on the X-Y table 13 and the wires 22 are provided on the elastic
member 21. Compared t6 directly placing the wires 22 on the X-Y table 13,
the diamond lapping film 24 comes to contact with the first edges 61 and the
second edges 62 of the plurality of sliders 50 in a uniform manner.

FIG. 5 is a cross section of the main part of another example of
apparatus for obtaining a slidexs of the embodiment of the invention. The
processing apparatus has a configuration similar to that of the processing
apparatus shown in FIG. 1 and FIG. 3 exéept that the wires 22 are not
provided while the elastic member 21 is replaced with an elastic member 71.
The elastic member 71 has convexes 72 formed in line on the top surface
thereof in positions corresponding to the positions of the wires 22 in the first
embodiment. The shape of the upper end of each convex 72 is preferably a
circular arc similar to that of the wire 22. The lapping film retainer 23 is

placed on the convexes 72 of the elastic member 71. The lapping film



apparatus shown in FIG 1 and.FIG 3 except that the wires 22 are not
provided while the elastic nmenber.21 is replaced with an el astic nenber 71.
The-el astic nmenber 71 has convexes 72 formed in line on the top surface

" thereof in positions corresponding to the positions of the wires 22 in the

. first enbodinment. The shape of the upper end of each convex 72 is _
preferably a circular arc simlar to that of the wire 22. The lapping film
retainer 23 is placed on the convexes 72 gf .the elastic nenber 71. The

| apping film 19 retai ner
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effects of th ex | & of  the processing _apparatus shown in FIG _ 5 ar

similar to thﬁ@"tﬁ%ﬁg %@%ﬁ@iﬂ?&#ﬂeﬁ 2.1 efpently the diamond lappéng o

FIG 8 illustgate still apother exanple of apparatus for rocessi ng .

sliders of t Ao RFeHED fo portach Wik pbleask ti fgst edges:$bend theeepand of

the main part of the processing apparatus. FIG 7 is a cross section

il lustrating ¢8e8 €& the processing apparatus including the jig seen

head-on. FIG 8 is a cross section illustrating part of the processing

appar at us i ncl udi Thetramgindesefthes¢andfignrationsopération and bffetts@fithe t he

el astic nenber 21 of the processing apparatus of the first enbodinent is
example of the processing apparatus shown in FIG. 5 are similar to those of

the one shown in FIG. 1 and FIG. 3.

FIG. 6 to FIG. 8 illustrate still another example of apparatus for
processing sliders of the embodiment of the invention. FIG. 6 is a cross
section of the main part of the processing apparatus. FIG. 7 is a cross
.section illustrating part of the processing apparatus including the jig seen
head-on. FIG. 8 is a cross section illustrating part of the processing
apparatus including the jig seen sideways. As shown in the figures the
elastic member 21 of the processing apparatus of the first embodiment is
replaced with a deforming member 81 in the third e;mbodiment. The
deforming member 81 has a plurality of convexes 82 arranged in line on the
top surface thereof in the positions corresponding to the wires 22 in FIG. 3.
The cross section of each of the convexes 82 takes the form of rectangle. The
wires 22 are each placed on the top surface of each of the convexes 82.
Consequently, the lapping film retainer 23 and the diamond lapping film 24
retained by the retainer 23 are deformed so that parts corresponding to the

first edges 61 and the second edges 62 project towards the first edges 61 and



replaced with a deform ng nenber 81 i'n the third enbodi nent. The deform ng
menber 81 has a plurality of convexes 82 arranged in line on the top
~surf.ace thereof in the positions corresponding to the wires 22 in FIG 3.

- The cross section of each of the convexes 82 takes the form of rectangle.
The wres 22 are each placed on the top surface of each of the convexes
82. Consequently, the lapping filmretainer 23 and the dianond | apping
film24 retained by the retainer 23 are @efornmed so that parts
corresponding to the first edges 61 and the second edges 62 project

towards the fy formi ber 81
20 - the secon‘#’e}ﬁ?aglg@ggg%;egrg r%e%?s? tél eccgr?\yg%sss%gfg?e ?%gr%lé?%mxﬁgelr‘mnber

81 and the w . di [ |@g Is t to
contact wt hmég&?lé%é?réghh%z'fi r s% ﬁgagég'g&g%% eé‘slelté;(g%%%g) gegt&ggwg The
def orm ng nenber 81 | ref er abl d faqa rigid S t he
convexes 82 aclpélt%%s‘fvf %oﬁ%ﬁﬁé‘?hﬁ ﬁ:%rﬁefggﬁtﬁ&oq%ﬁ@e f%g)gge%%re%}’% menber 81
i s made of stainlgss steel., for exanpl.e. Wdth d[ernr]  and .hei ght dLerr] of
the convex 82 i s'fﬁstdsk%‘%ﬁ IPﬁ"’S’@E gﬂdﬁﬁ@%}leﬁ?‘% é@ﬂﬁ%’gfli%ﬂ {0 at&ha so
on. It is preferable that w.dth di of_the copvex 82 i.s defernined ipn a
range from (Fomyexes §2age ﬁ#?ﬁﬁéo%?‘bhthhg‘%?mg’ﬂg“ﬁ%‘b@@ ggttopguagpég, Bed in
a range from 0,10 to 0.50 mm |In the enbodj ment, separatjon widith' 'd is
0.2 mm wi dt 81 i made»f skainless rtpel foxexample. vaa’sf/ﬁaﬁ @éhﬂgg.t%z of the The
wires 22 are nmade of synthetic fibers such as nylon (trade nanme) or
stai nl ess st awnvek@2 isxdeterminethin awordanteawithetepgration width fdang seen.22 | s
appropriately determ ned dependi ng on factors 'such as separation width 'd'.
It is pref er dblis prefetablerthatavitble doof the domwaxt 82 is determined ifh aarangefBomo
0.20 mm In the enbodi mrent the outer dianeter of the wre 22 is 0.09 mm as
an 0.05 to 0.20 mm and height ds of the convex 82 is determined in a range from

0.10 to 0.50 mm. In the embodiment separation width ‘d’ is 0.2 mm, width

d: 0.15 mm and height d2 0.15 mm as an example.

The wires 22 are made of synthetic fibers such as nylon (trade name) or

stainless steel, for example. The outer diameter of each of the wires 22 is

appropriately determined depending on factors such as separation width ‘d’.

It is preferable to determine the outer diameter in a range from 0.03 to 0.20

mm. In the embodiment the outer diameter of the wire 22 is 0.09 mm as an

example.

The lapping film retainer 23 is made of a material such as silicone

rubber. The hardness of the lapping film retainer is preferably in a range

from 30 to 60. The hardness is preferably lower for intensive lapping. In

the embodiment the hardness of the lapping film retainer is 50. The

lapping film retainer 23 preferably has a thickness of 0.10 to 0.30 mm. The

thickness is 0.15 mm in the embodiment as an example.

The diamond lapping film 24 is made up of a flexible film and a lapping



exanpl e. The lapping filmretainer 23 is nmade of a material such as
silicone rubber. The hardness of the lapping filmretainer is preferably
in.a range from30 to 60. The hardness is preferably | ower for intensive
| apping. In the enbodi nent the hardness of the lapping filmretainer is
50. The lapping filmretainer 23 preferably has a thickness of 0.10 to
0.30 nmm The thickness is 0.15 nmin the enbodi nent as an exanpl e.

The dianond |apping film24 is made up ofgpa flexible filmand a I apping
21 layer formed thereon, for exanple. The flexible filmmay be nade of a

terial I I t hthal PET) . ..The | i I
be. f or med ¢ TG OSPER SRRSOl SRR, nd s Hehle mapa g BB et 8 fovi o) o
filmto be then dried., In_t di t. .the di f the.di d [
s 0. 25 p m ARETAI St PR POERE AR PR e B e agpin fyes oty
The thick f 0 that the di d | ing film24 i [ f
R S L R
the thickness of the flexible filmis 4 p mor 2.p m Ln the_exanple

the wires 22fibptede thenidried olpcthesergbodimentthedigmaterof the diamond grain
capabl e of being slight I%Eerrave_d W th respect to the convexes 82. The

ef fect ther eisf0.@4b| b Mow ¢ G preferably\has aubickness of Oito Gsx rmt es t he
sliders 50 separated fromeach other fixed to the jig 31, a bar is first
bonded t o t hEheithickbeasdf Ohe hanednsguatithetdiemondgapping filhmc24 inmadetof t he
I ndi vi dual sliders 50. FIG 9A and FIG 10A each illustrate a bar 85
bonded to thédignmendgrains and a binder without the flexible film. In the embodiment
the thickness of the flexible filmis 4 ¢ m or. 2 um.
In the example the wires 22 placed on the convexes 82 of the deforming
member 81 are capable of being slightly moved with respect to the convexes
82. The effect thereof will now be described. _
Although FIG. 6 illustrates the sliders 50 separated from each other
fixed to the jig 31, a bar is first bonded to the jig 31 and the bar fixed to the
jig 31 is then cut into the individual sliders 50.
FIG. 9A and FIG. 10A each illustrate a bar 85 bonded to the jig 31.
FIG. 9B and FIG. 10B each illustrate the bars 85 shown in FIG. 9A and FIG.
10A, respectively, cut into individual sliders 50. FIG. 9A and FIG. 9B each
show the bar 85 properly bonded to the jig 31. FIG. 10A and FIG. 10B each
show the position of bonding the bar 85 to the jig 31 being shifted.
For separating the bar 85 into the individual sliders 50, the separating
(cutting) position 86 is determined based on the bar 85. Therefore, if the
position of bonding the bar 85 to the jig 31 is shifted as shown in FIG. 104,
the positions of the sliders 50 with respect to the jig 31 are shifted as shown

in FIG. 10B.



FIG 9B and FIG 10B each illustrate the bars 85 showmn in FIG 9A and FIG
10A, respectively, cut into individual sliders 50. FIG 9A and FIG 9B each
show t he bar 85 properly bonded to the jig 31. FIG 10A and FIG |0B each
show t he position of bonding the bar 85 to the jig 31 being shifted.

For separating the bar 85 into the individual sliders 50, the separating
(cutting) position 86 is determ ned based on the bar 85. Therefore, if the
position of bonding the bar 85 to the jig®l is shifted as shown in FIG
10A, the positions of the sliders 50 with respect to the jig 31 are

shifted as_shown TH3 &hGexédB2 of the deformi iti
22 The convexes 82xof tﬁe d%f%ro%mr%gr%e g?r g_lL ager!gogg%?lﬁdotr,]aésgdb%nsed

31 is shi f1 oq L Pirgfirg, T8 BRbicAl o HortBRE AP bR B RIS UIRG 1 e
SEPar 2L 10 PO BlociaSliclE PueBodlb FAERT b B ARBRd 1,
ol ders 50  eRRARRHon e B0 e o0 B seBp ot 0B ate L odp phipad as
doformi g meshsare 32 ¥, 1E . stebracmithioub i myees Buthe R bRt the
convexes 2. diiamnant lapyas MRoA euid oush isigkertag Pe of thp sideraB f t ed as
shown in FIG 10B, ;the lapping filmretainer 23 and the dianond | appi ng
film24 prot rusestenly andmnuesessing geuld bepreformad on thesslideps uaevenlyposi t i ons.
The wires 22 are thereby noved to the positions corresponding to the
separation posi ti bneontrast, she seines 22 phaced amtheicomexes §2foflthe deformingought
to cqnt act 1;12mber 81 are capable of being slightly moved with respect to the convexes.
82 in the example. Therefore, if the positions of the convexes 82 and the
separating positions of the sliders 50 are shifted as shown in FIG. 10B, the
lapping film retainer 23 and the diamond lapping film 24 protruded by
means of the wires 22 enter the separation positions. The wires 22 are
thereby moved to the positions corresponding to the separation positions.
As a result, the diamond lapping film 24 is brought to contact with
neighboring two of the sliders 50 evenly. The sliders 50 are thus processed
in a uniform manner. : |
It is possible to achieve a similar effect with the processing apparatus
shown in FIG. 1 and FIG. 3, too, to some degree by allowing the wires 22 to
move. It is possible to achieve a similar effect with the processing
apparatus shown in FIG. 5 as well to some degree since the convexes 72 of
the elastic member 71 are capable of being deformed.

The magnetic head element 57 is formed at the end of the slider 50 on

the air outflow side. It is therefore preferable that processing made on the -



nei ghboring two of the sliders 50 evenly. The sliders 50 are thus processed
I n a uni form manner. It is possible to achieve a simlar effect with
. the-processing apparatus shown in FIG 1 and FIG 3, too, to sone degree
by allowing the wires 22 to nove. It is possible to achieve a sinilar
effect wwth the processing apparatus shown in FIG 5 as well|l to sone
degree since the convexes 72 of the elastic nenber 71 are capable of being
def or ned. The magnetic head el enent287 is forned at the end of the
slider 50 on the air outflow side. It is therefore preferable that

processi ng mMadge®Bt th€end of the slider 50 on th ide i 3
edges at the eﬁd of thgnslol de(re s51061(')n toﬁe aela}lrgltjﬁl?vgﬁl%? aserei S ?‘(?élul z%fltél%

menber 81 and KA S RS T %ﬁ?g?é?’%%%d‘z’@%be%@é%‘%?ace% s
member 81 Qﬁﬁnﬁbgf‘“% {5, R Bl3BladF 2R shlh LG o g siFe . "
he st der sGORRRER ti%easrsaﬁgrei‘f‘w%ﬁ%v@%% oo eﬁp‘ﬁ'é%% b lorBig ng
end of hﬁzsﬁ%tﬁbgégfpaﬁi%@p%%é} Fwiaiogs ZBanbe sgfioneqmess tho The
the_ processi t“eﬁoapmaw“f'%g{a“‘) 2 e arostl the dipmoatl EBPIREBkm AL tieBeBne

shown in FIG and FlI G A slider to which the invention is
applied wll t%ﬁhéer g@dn l@@éeraménaanmm theysechionbetweenthe neighberingci ng

surface formng part of a medium
convexes 82. The example thus allows processing made on the edges at the

end of the slider 50 on the air outflow side to be regulated.

The remainder of the configuration, operation and effects of the
example of the processing apparatus shown in FIG. 6 are similar to those of
the one shown in FIG. 1 and FIG. 3.

A slider to which the invention is applied will now bé described. The
slider has a rail with a medium facing surface forming part of a medium
facing surface of the slider, at least part of an outer side of the rail being
located inside a side of the slider. The slider further has a plurality of edges
whose positions with respect to the medium facing s;ur'face of the slider are
different from each other. The slider includes first edges each between the
medium facing surface of the rail and the outer side of the rail and a second
edge located closer to the side of the slider than the first edges. Such a
slider may take various forms, in addition to the one shown in FIG. 2, as
shown in FIG. 11A and FIG. 11B to FIG. 18.

FIG. 11A, FIG. 11B, FIG. 12 and FIG. 13 each illustrates an example of

the slider 50 having two-level structure. The form of the rails 53 are"



facing surface of the slider, at |least part of an outer side of the rai
being located inside a side of the slider. The slider further has a
plurality of edges whose positions with respect to the nedi um facing
surface of -the slider are different fromeach other. The slider includes
first edges each between the nediumfacing surface of the rail and the
outer side of the rail and a second edge |located closer to the side of the
-slider than the first edges. Such a slidgr may take various forns, in
addition to the one shown in FIG 2, as $fiown in FIG 11A and FIG 11B to

FIG 18. ...FlG 11A FIG 11B, FIG 12 and FLG 13 each i|lustrates an
exanpl e of diferentdrommachabhayin thesessramplesy cThedaperad sastionsf6Q axe rai | s
53 are 24 different from

each ot her | formed aeax thepad of the railp endheair outflow sideincany of thel near t he
-end of the rails on the air outflow side in any of the exanples. The
magnet i ¢ heaéxamplemt Bhe nmagnetivduesnt eleentil mf formedsiti therendsef the dliderai r
out f I ow si de. FIG 14 to FIG 16 illustrate the .slider 50 of

t hree-1 evel $&0ramcthe air dwtfliowgsitlen surfaces positioned at |evels different
fromthe mediumfacing surface of the rails 53 in addition to the nmedium

facing surface ofFIChel4 & FEGSE6 illimteatelthd slideri 5o tHde dévdlnEredtuder SO.
FIG 15 is a front view of the slider 50. FIG 16 is a side view of the

slider 50. Thavilg 6W6 suPfaeas pbéitioned dtdbvels WfferontTred the mbaiuik fadihgt Ne

air inflow section, and a negative pressure generating section 152 F_or med
o) e, Chssagharnd e 34 ) B s G St g Ur bl
cCes 59 1, 146 1SRyl HIOESOC PRI PLIRSR S P M B
FIG. 16 is a side view of the slider 50. The slider 50 has the two rails 53, a
step 151 formed at the air inflow section, and a negative pressure generating
section 152 formed from the central part to the air outflow side. Outer sides
of the rails 53 are located inside the sides of the slider 50. The slider 50 has
third edges 63 in addition to the first edges 61 each between the medium
facing surface of the rail 53 and the outer side of the rail 53 and the second
edgeé 62, each placed outside the first edge 61, each between the side of the
slider 50 and the surface of the slider 50 to face a fgcording medium
(magnetic disk) and orthogonal to the side of the slider 50. The third edges
63 are edges each between the top surface of the step 151 and the outer side
of the step 151. When the slider 50 is processed using the embodiments of
the invention, at least the first edges 61 and the second edges 62 are
removed. Since the third edges 63 are each between the first edge 61 and
the second edge 62, the third edges 63 may touch or may not touch a

recording medium depending on the form of the slider 50. If there is a

possibility that the third edges 63 may touch a recording medium, the third



edges 62, each placed outside the first.edge 61, each between the side of
the slider 50 and the surface of the slider 50 to face a recording nmedi um
(magrietic disk) and orthogonal to the side of the slider 50. The third
edges 63 are edges each between the top surface of the step 151 and the
outer side of the step 151. When the slider 50 is processed using the
enbodi nents of the invention, at least the first edges 61 and the second
edges 62 are renoved. Since the third edgﬁ§ 63 are each between the first
edge 61 and the second edge 62, the third edges 63 may touch or may not

touch a recorgdin I um endi on the formof the slider 50.. If there
is a possibi ?‘?g%?gq%dbﬁwg‘gﬁf’ Fﬂngﬁ’éégt%§ﬁﬁﬁ§a’?8¥}éﬂaﬁp 24doRei um t he
third . ) ) 25 dges 63 i.s hr.ought
to contact wi¥emPYR ANERSRITGIEEINGPROCPsH. 241 thengds osRRsPURILEY, Fhagthe thind
removing process. |f there is no possibility that the third edges 63 may
touch a recoredges GRmaymtouche recordingamgdupsthesthird edges 63 mayynot be

contact with the dianond | apping film 24 during a renoving process and nmay
not be renovebrouphitdocontaatsvith the diamonddappingfilh &dcduring sorepeedngi | i ty
that the third edges 63 may touch a recordi ng nmedi um FIG 17 is a
perspective vpeogess andanay ndtbe Fémovedn ThifFtegultslin maprotjembsinge phemessed. -
During a renoving process of the first edges 61 and the second edges 62,
as shown in thepbsgibility thia¢ thaithihdeiges 63 majydouclk anfecordinganédiamh.ow t he

di anond |l apping film24 to cone to contact with the periphery of the

nedi um faci ng sur FaGe 10fis hhﬁer(éjpédtﬁvéﬁeﬁ%ﬁihe@lﬁiérmﬁsﬁdvfﬁinmqieil,ﬁﬁaﬁﬂfk
er

with the periphery of the sli 50 on the side of the nedium facing
surface ot hepediiipocebsed € TN LRSI EAng ProesssTihe at 8d8ed 6T ANAG RS

wel | .
second edges 62, as shown in the figure, the embodiments of the invention
each allow the diamond lapping film 24 to come to contact with the periphéry
of the medium facing surface of the rails 53 other than the first edges 61 aﬁd
with the periphery of the slider 50 on the side of the medium facing surface
other than the second edges 62. These sections are removed as well.

The preferable range of radius of curvature of the edges will now be
described for the edges of the slider 50 curved in accordance with the
embodiments of the invention. First, an example of method for measuring a
radius of curvature will be described, using the slider 50 of two-level
structure shown in FIG. 18. In this method geometries of an edge portion
having been removed (including the edge and cornér) are first measured with
a surface roughness tracer. The surface roughness tracer used for the
measurements is ‘Talystep’ (trade name) of Rank Tailor-Hobson in the
United Kingdom. The needle with a tip of 2 uz m in radius of curvature is

used.

FIG. 19 to FIG. 21 each show measurements made on geometries along



The preferable range of radius of curvature of the edges will now be

descri bed for the edges of the slider 50 curved in accordance with the
~enbodi nents of the invention. First, an exanple of nethod for neasuring a
radi us of curvature will be described, using the slider 50 of two-Ievel
structure shown in FIG 18. In this nethod geonetries of an edge portion
havi ng been renoved (including the edge and corner) are first nmeasured with
a surface roughness tracer. The surface rggghness tracer used for the
nmeasurenents is 'Tal ystep' (trade nanme) of” Rank Tail or-Hobson in the

~United Kingdom The needle w atipof .2 p min radius of curvature is
- used. preews 464 go rlﬁémzéf@a% gﬁ%ﬁxﬁ@a@m@m mdipafes RosHeRI thes
. al ong . A ) . L 26, arrows 161 to 163
in FIG 18. heazaptaldirectiomand the yertdealaxie indicates nositions imthe yertical
‘direction and the vertical axis indicates positions in the vertical
~direction indiectiondntBIG 19 toFIGTRRL sThescale afttbethorizontabaxisis different
idifferent fromthat of the vertical axis in these figures as shown in FIG
19. Since mbasnthatof therveitical axips by these fightreand sh6@neacFI@a18. t 8imwegh t wo
edge portions, the geonetries thereby neasured each include the two curved

portions as sieasurementEmalde alodgfarfows A613ntb62reach pase thirwughdsvebdgs
arrow 163 pass through one edge portion only, the geonetries thereby

neasur ed i ncpufifohs)ahenRotibtyied therdbyomeastiedosachidoiudethd §wo dirved I'n
the nethod for neasuring a radius of curvature a circle including the two

cur 0, 20LL] Sy A8 BAIGA TI0,0 QRO ool odedoonals Yoy
described abgyg,e 188 JaAdithFoddh 616 ¥akY bEridén bR, thé GbEmletribl ERefdBy2 Ned. A
S measured include the one curved portion only as shown in FIG. 21.

In the method for measuring a radius of curvature a circle including the
two curved portions is assumed for the geometries including the two curved
portions as shown in FIG. 19 and FIG. 20, using the measurements made as
described above. The radius of curvature of the circle is then obtained. A
circle including the one curved portion is assumed for the geometries

" including the one curved portion as shown in FIG. 21. The radius of
curvature of the circle is then obtained. The raditi._s of curvature obtained
for the geometries shown in FIG. 19 is approximately 70 # m, 250 z m for
those in FIG. 20 and 10 ¢ m for those in FIG. 21.

Next, a shock resista'nce ﬁest is carried out for determining the
preferable range of radius of curvature of the edge portions measured based
on the method described above. The result is shown below. In the shock
resistance test the slider is brought to contact with a recording medium with

a given impact force and whether it is possible to practically use the

recording medium is determined. In the result below ‘OK’ indicates that



circle including the one curved portion is assuned for the geonetries

I ncl udi ng the one curved portion as shown in FIG 21. The radius of
curvature of the circle is then obtained. The radius of curvature obtained
for the geonetries shown in FIG 19 is approximately 70 p m 250 p mfor
those in FIG 20 and 10 p mfor those in FIG 21. Next, a shock
resistance test is carried out for determning the preferable range of
radi us of curvature of the edge portion®pmeasured based on the nethod
descri bed above. The result is shown below In the shock resistance test
the slider g &wﬂﬁhg ﬁ@dﬁﬂﬂ&@ﬁ&a%?%@‘bf@%ﬁi’da@&s &mﬁs 48 f@cﬁﬂgn% gi ven

I npact force and whether 1t is possible to practically use t recordi ng

r2n7adi u{nhiesr g@%rafl nggqrrlggildt%?nt)#bg Eggﬁigle?%&oﬁ%é&}%erf%%{g}s&?ﬁ%@@%ﬁe recordi ng

mediumi s né’ctceiﬁ'%loﬁ: "G of the inpact force nmeans gravitational

accel erati on. "i npact force radi us of
curvature 400 G 500 G 550. G ¢ £ 4 pm K
NG NG 10 m 1mpact 1ogge K NG
50 pm . NG Opm
oK radips ofcurvagérw 409% radi BOBF curvaP®®& of 4 p mand that
of 10 p mapply to the geonetri enégnncl udi one curv. portion only. The
radi us of curvattrk Bf 50 [err] d that N 100 p ply to the
geonetries including two curved

10 u m K OK NG

50 1 m OK OK NG

100 ¢ m OK OK OK

The radius of curvature of 4 ¢ m and that of 10 x m apply to the
geometries including one curved portion only. The radius of curvature of 50
¢ m and that of 100 ¢ m apply to the geometries including two curved
portions.

Resistance to impact force of 500 G or above is required for a magnetic
head. As shown in the result above, the radius of curvature of 10 ¢ m
satisfies the requirement. Therefore the range of preferable radius of
curvature of the edge portions is 10 ¢ m and above .as a criterion. Ho_wever,
the radius of curvature of the order of 4 ¢ m may withstand a practical use
depending on conditions since shbck resistance required depends on the
hardness of the recording medium and surface roughnéss and so on.

Reference is now made to FIG. 22 for describing a slider of a second
embodiment of the invention. The slider of the embodiment has the first
edges 61 and the second edges 62 each removed to form a bevel. FIG.22isa

magnified view of C in FIG. 3 wherein the first edges 61 and the second



portions. - Resi stance to inpact force of 500 G or above is required
for a magnetic head. As shown in the result above, the radius of
curvature of 10 [err] m satisfies the requirenent. Therefore the range of
pref erabl e radi us of curvature of the edge portions is 10 [err] m and
above as a criterion. However, t he radius of curvature of the order of 4
[err] mmay w thstand a practical use dependi ng on conditions since shock
resi stance required depends on the harggess of the recording nedi um and
surface roughness and so on. Ref erence is now nmade to FIG 22 for

surface s _and f (made to FIG 22 fo

e e BBl 7 e on SO0 o R AL, Ol BEvUIBP IR B JBeH 7

Lhaouee | pe hRTHR BEEA edbldhn thel XD el 1Y e defon b Uhe bir€ietiln b Rangln

28 ed 62 dto f : ._beveli the first ed

61 and t nooLBREHARRILE" B compxes Vo B 18ia ¥ diecrion oAtk Hooush elfheon of
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61 and the second edges 62 is appropriately determned in a desirable
range. secpmd gdges GYisrapproprately faterminedin a desirableyanged ef f ect s of
the enbodinent are sinmilar to those of the first enbodi nment. The
present invent i dhe xeamder of thel configuration, operation andeffactedf he far but
may be practiced in still other ways. For exanple, processing of the
i nventi on i embotdient aeel similante thosecafghedinst ethbwglimentn in FI G 23A and an
edge bevel ed as shown in FIG 23B. Alternatively, an edge nay be renoved
to formboth a Mhegpresant mvemticedisotildaitedtothewmbodiidnts ddseribeld s®y be

far but may be practiced in still other ways. For example, processing of the

invention is not limited to have an edge curved as shown in FIG. 23A and an

edge beveled as shown in FIG. 23B. Alternatively, an edge may be removed

to form both a bevel and a curved surface as shown in FIG. 23C and may be

removed to form a plurality of surfaces at gradually varying angles as shown

in FIG. 23D.

In the processing apparatus in the foregoing embodiments, the sliders

are fixed and the diamond lapping film 24 is moved by means of the X-Y

table 13. The diamond lapping film 24 is thereby oscillated towards the

first edges 61 and the second edges 62. Alternatively, the diamond lapping

film 24 may be fixed and the sliders 50 may be moved (oscillated) by moving

the jig 31. The diamond lapping film 24 is thereby oscillated towards the

first edges 61 and the second edges 62.

The invention is not limited to the two-level slider but may be applied

to a three-level slider as shown in FIG. 14 to FIG. 16 and a four-level slider.

The second edge of the two-level slider is the edge between the medium



renoved to forma plurality of surfaces at gradually varying angles as
showmn in FIG 23D In the processing apparatus in the foregoing
enbodi ments, the sliders are fixed and the dianond |lapping film24 is
noved by neans of the X-Y table 13. The dianond lapping film24 is thereby
oscillated towards the first edges 61 and the second edges 62.
Alternatively, the dianond lapping film24 nmay be fixed and the sliders 50
- may be noved (oscillated) by noving theggig 31. The dianond lapping film

- 24 is thereby oscillated towards the first edges 61 and the second edges

Capplicd torsripRPREoRDE e At bBY oCHahAr NS sl IR sifler WPy Wef T °°

four-level fliger. ool BikaR95e el okttt LU vo*d bIRof thedifasg0°
three T oveRsenihaditat ase oppal the BYEGH A deobts #fEn 1@ PEIERAEL, o1 de of
Tomoved. . EG3S oty thamiha Hiind pscand odie WA b Ll FhOTIBRear ot

- chanfered or not_in the invention. - Although the sliders of the
- enmbodi ment simthe mexgntions pressure sliders, the invention may be applied to
. sliders not generating a negative pressure. Besi des processi ng of

- magnetic head slAlthough theeslidarsrofitbe enthodiment®pre ndgative pressume sliders,
. plurality of edges wwth different |evels of objects having two-1evel ends
 or nore. Fothexavrgition uy beapplied bo sHdeysnhotcgdileratinga negative pressdré.or any
- ot her purpose such as one used for a head (pickup) for

Besides processing of magnetic head sliders, the invention may be
_épplied to removing a plurality of edges with different levels of objects
having two-level ends or more. For example, the invention is applicable to a
slider used for any other purpose such as one used for a head (pickup) for
recording or reproducing information under the optical recording system or
magneto-optical recording system.

As described so far, the slider of the invention has the first edges each
between the medium facing surface of the rail and the outer side of the rail
and the second edge located closer to the side of the "s_lider than the first
edges each removed. As a result, the slider will not scratch a surface of a
medium when tilted. |

Obviously many modifications and variations of the present invention
are possible in the light of the above teachings. It is therefore to be

understood that within the scope of the appended claims the invention may

be practiced otherwise than as specifically described.



recordi ng or reproducing information under the optical recording system or
magnet o- opti cal recording system As described so far, the slider of
the invention has the first edges each between the nediumfacing surface
of the rail and the outer side of the rail and the second edge | ocated
closer to the side of the slider than the first edges each renoved. As a
result, the slider wll not scratch a surface of a nediumwhen tilted.
Obvi ously many nodi fications and vari aggons of the present invention are
possible in the light of the above teachings. It is therefore to be

understooqﬁ%g@q .thin ;t.he scope of the appended clains the invention may
be practice ot%é\lﬁ\t}mﬂlgg 1tg‘han as specifically described.

30 What is clqi . i de ' . ' | - face
whi ch faces a ?re‘glggc%lsﬁ'é% %én edélhrmé%aﬁv\# g Hffaa%rre [ %@%@%@ﬁ?ﬁ%&‘}%ﬁm ng
art ofthe i faci r.f ac f t sl ider | east t. of an outer
Prte of 1 PR R iRt 08 Sinflog Bmbie B8E: ofthe BRf{pR Tabink

i ncludi ng at .| east,,firctst edges eac etween th i um.faci ng surface of
Lhe Lol 1" airatspe slider ik 16ast park ol An AT P BLIRS THiLBSIEIetsed aser t o
the side of the sljder than the first edges, at least the first edges
and the sd& %G’Q’@q;élhﬁ@ Foved. 2. Aslider according to claim1

wherein the first edges are positioned at a level different froma |evel
at which the sachiing@ajdenst hxpdiedges each between the medium facing surface

of the rail and the outer side of the rail and a second edge located closer to
the side of the slider than the first edges,

at least the first edges and the second edge being removed.

2. A slider according to claim 1 wherein the first edges are positioned at

a level different from a level at which the second edge is positioned.

3. A slider according to claim 1 wherein the second edge is a edge

between the medium facing surface of the slider and the side of the slider.

4. A slider according to claim 1 wherein the first and second edges are

each removed to form a curved surface.

5. A slider according to claim 1 wherein the first and second edges are

each removed to form a bevel.

6. A slider according to claim 1 wherein at least two of the rails are

provided and a section for generating negative pressure is provided between -
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3. A slider according to claim1l wherein the second edge is a edge "between
- the nedium facing surface of the slider and the side of the slider.

- 4. A slider according to claim1 wherein the first and second edges are
each renmoved to forma curved surface. 5. A slider according to
claiml1 wherein the first and second edges are each renoved to forma

bevel . 6. A slider according to claiml wherein at |east two of the
rails are provided and a section for geggrating negative pressure is

- provi ded between 31 the

- two rails. the two rafls. A slider according to any of claim1l to 6 wherein the
. periphery of the mediumfacing surface of the rail and the periphery of
~the slider on the side of the nediumfacing surface of the slider other

. than the first and second edges are renoved as well.

7. A slider according to any of claim 1 to 6 wherein the periphery of the
medium facing surface of the rail and the periphery of the slider on the side
of the medium facing s1urface of the slider other than the first and second

edges are removed as well.
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