Mén,. each of the separaté?f?;’?s 3 is stuck on a suspension 4 with wax
(hot shown) or the |i I 8D Sticking is tenporary bondi ng such
that the sliders caﬁdjg égggtSdI'fr)dsmthe suspension 4 after the sliders
are conpletely individually separated from one another in the foll ow ng
step. Then, each of the da@gcggg@%ranged on the bar 3 is worked as the
slider. That is, a head sl der ce.is ground, structures such as a
groove for determning a width of a sl ilder rail and a bleed slot surface
are worked, and a head levitation surface, i.e., a slider rail surface is
pol i shed so as to have prq&gﬁg@brgﬁw omgfegss of 0.05 Jimor Iess,
for exanple. Furthernore, an air inlet for tfunctioning as an air bearing
surface of the slider rail surface is‘gr\ﬁ?ered (see FIG 8E). After the
structure of a principal part of the sfider is thus formed, sliders 6, each
of which conprises each of, Vi ' unit of the bar 3, are
separ ated one by one by CMEHﬁb&ﬁhgﬁﬁgpwéMary bet ween adj acent
sliders 6 (see FIG 8F). Then, chanfering (so-called bl ending) takes place
(not shown). In order to prevent the slider from doing danmage to the
surface of _a magnetic recording nmedium (a magnetic disk) at the tinme of
contact st BAC &&OWQM@ ed as a slider head is used in the
HDD, chanfering is applied to nore particularly an edge of the slider rail
surface whilchField of the Invention

The invention relates to a method of working a device and a
method of working a slider. More particularly, the invention relates to a
method of working a device and a method of working a slider for cutting
and individually separating devices or sliders which are formedd on one
substrate and require smoothness of the side and front surfaces thereof.

2. Description of the Related Art

A slider for a magnetic head for use in a magnetic recording
apparatus such as a hard disc driver (hereinafter referred to as HDD) is
manufactured through steps generally shown in FIGs. 8A to 8F, for
example.

First, a plurality of devices 1 such as a transducer having a
function of writing/reading information as the magnetic head are formed on
a substrate 2 such as a ceramic substrate (see FIG. 8A).

Then, the substrate 2 is cut so as to be rectangular (see FIG. 8B).
Then, the rectangular substrate 2 is further sliced into bars, each of which
has a line of about ten or more devices 1 horizontally arranged, and bars 3
are separated from one another (see FIG. 8C). Heretofore, such cutting

has been generally performed by using a diamond peripheral cutting edge.
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l4-kel'iest to contact the surface, additionally an edge |ine portion which
is likely to contact the surface of the magnetic recording medi um (the
magneti ¢ di sk) and so on. Heretofore, the slider for the nmagnetic head for
use in the magnetic recordi ng apparatus such as the HDD has been 3-
manuf act ured t hrough such a manufacturing process. In the above-described
step of working the slider for the nmaggetic head of the related art, nore
particularly, in the step of individuaFly separating the sliders by cutting
the bar 3, cutting is generally done by using a dianond sharp edge grinding

wheel (a dﬁ%ﬁ?@ﬁid}%f Aesaraty Eéx%g?. %?%ﬁngﬁga‘ﬁ?s 2 QWH ASYRR wak Wdt N9

nmet hod of the related art "using t edge grindi ng wheel has
the foll ow | . . t &S 'Eg had, i.tself. using
t he di arm\rll\%ﬂ(g‘ﬁé?%% e gIeIR{(\?j(rE%)érﬁ3 I'Ng éeIStgcé{ él}elg? i g%éb a %8 ﬁﬂ%%% J;}Iat

characterigtics,of cutting the 3 i1 e appl.yin | arge ;shearing force
to the bar "% S_i‘ﬁa’-‘% iz be gqﬂ,afrg{:e?iggpm \ﬁgeﬁ’r‘épgﬁq%}ﬁ%n‘g %?5%6'%&} P93 ng
e ecs el BRaOAraLs sepated b e Ssiier ' thE Hhowing sieh. °°°

Then, each of the devices 1 arranged on the bar 3 is worked as the
slider. That is, a head slider surface is ground, structures such as a
groove for determining a width of a slider rail and a bleed slot surface are
worked, and a head levitation surface, i.e., a slider rail surface is polished
so as to have predetermined surface roughness of 0.056 um or less, for
example. Furthermore, an air inlet for functioning as an air bearing
surface of the slider rail surface is tapered (see FIG. SE).

After the structure of a principal part of the slider is thus formed,
sliders 6, each of which comprises each of the devices 1 worked in a unit of
the bar 3, are separated one by one by cutting the bar 3 at a boundary
between adjacent sliders 6 (see FIG. 8F).

Then, chamfering (so-called blending) takes place (not shown). In
order to prevent the slider from doing damage to the surface of a magnetic
recording medium (a magnetic disk) at the time of contact start/stop when
the slider mounted as a slider head is used in the HDD, chamfering is
applied to more particularly an edge of the slider rail surface which is
likeliest to contact the surface, additionally an edge line portion which is
likely to contact the surface of the magnetic recording medium (the
magnetic disk) and so on. Heretofore, the slider for the magnetic head for

use in the magnetic recording apparatus such as the HDD has been



¢rushed surface or the streaked surface can only be snobothed to about 20 nm
in terns of Ra even through an approach of reducing roughness of the

di anond sharp edge grindi ng wheel and others. So-called contam nation such
as external dust or particles or dust produced within the HDD itself is
prone to adhere to such a rough surface. Therefore, a probl em exists.

During the use of the HDD, such contamation peels off due to vibration
generated during operation of the slid head, vibration created during
carrying of the HDD itself or the |ike, and the contam nation adheres to

the surfacenphufpRrBRYRRIgh dictka biAfuthsirles pREESI N medium or the

contamnation 1s attracted into a gap between the magnetic di sk and the

slider. Consequent ypo 59@&89&03-{5}?@3&%,3@5 workindAIROSEer! BF thUAAGTR N

magnetic disk. There exists an I'em sion o ation to
s a read] WP EPBr RGN B oM ERER A aubaht 3B Nef SRR "
has. the or GSRRREERR P SUGPTS RE QUPERNG BOF Pacubans dedBnrplly J5e6dy Tn
ot her using a diamond sharp edge grinding wheel (a diamond peripheral cutting

edge saw).

However, such a cutting method of the related art using the

diamond sharp edge grinding wheel has the following various problems.

That is, the cutting method itself using the diamond sharp edge grinding

wheel essentially has mechanical characteristics of cutting the bar 3 while

applying a large shearing force to the bar 3, and thus a surface cut by the

diamond sharp edge grinding wheel results in a crushed surface or a

streaked surface. The surface roughness of the cut surface that is the

crushed surface or the streaked surface can only be smoothed to about 20

nm in terms of Ra even through an approach of reducing roughness of the

diamond sharp edge grinding wheel and others. So-called contamination

such as external dust or particles or dust produced within the HDD itself is

prone to adhere to such a rough surface.

Therefore, a problem exists. During the use of the HDD, such

contamination peels off due to vibration generated during operation of the

slider head, vibration created during carrying of the HDD itself or the like,

and the contamination adheres to the surface of the magnetic disk that 1s

the recording medium, or the contamination is attracted into a gap between

the magnetic disk and the slider. Consequently, the contamination



words, the fact that the cut surface has the crushed surface or the

stsr eaked surface means that cutting takes place while such a |arge shearing
force is applied to the bar 3. Accordingly, high stress is applied to the
bar 3 due to such a large shearing force applied during cutting. As a
result, the overall shape of the cut bar 3 remains under stress strain.
Thus, the individual sliders obtained through cutting have a problem
various failures deteriorating profile %recision for the slider occur.

Fai lures include mal formation, nanely, convex or concave warping called a

crown; poorddmagédeid QfrfadeuTahb Mapidtiddigk. the slider rail of the air
bearing surface, called a canber; poor parallelismalong a |length of two

slider rails of t 'Il?x_ei‘é %Xﬁﬁéﬁhﬁﬂlﬁfo@?ﬁn calihedon Jf\g%)ﬁkam%i%qet}%wsg%el ative

positions of two slider rails ar na state 'n whi | s are
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the crushed surface or the streaked surface as described above. In other
words, the fact that the cut surface has the crushed surface or the streaked
surface means that cutting takes place while such a large shearing force is
applied to the bar 3. Accordingly, high stress is applied to the bar 3 due to
such a large shearing force applied during cutting. As a result, the overall
shape of the cut bar 3 remains under stress strain.
Thus, the individual sliders obtained through cutting have a
problem: various failures deteriorating profile precision for the slider occur.
Failures include malformation, namely, convex or concave warping called a
crown; pbor inclination along the width of the slider rail of the air bearing
surface, called a camber; poor parallelism along a length of two slider rails
of the air bearing surface, called a twist (i.e., the relative positions of two
slider rails are in a state in which two slider rails are not parallel to each
other but twisted); and so on.
More particularly, in recent years, a further increase in an
information recording density has been strongly demanded. The increase
in the information recording density requires a further reduction in
magnetic spacing. The reduction in the magnetic spacing is accomplished

by more precisely controlling and thus further reducing a height of



5 levitation of the slider fromthe recordi ng medium An approach of
reduci ng a conventional height of levitation of about 40 nmto 50 nm by
nore than half, i.e., to about 10 nmto 20 nm and others have been al so
proposed. In order to realize the purpose, it is therefore strongly
dermanded that the air bearing surface (hereinafter referred to as ABS) is
more highly precise, roughness-free, snpoth and flat. However, the cutting
met hod of the related art using the diarond sharp edge grinding wheel has a
probl em of being unable to cope with a further inprovegent i n precision of
t he ABS f 0riea; Niye el [ ha,J | rdi ' ecause
MeditatiofNbf the’ SA3& ‘thhrh Nehd ;}Ife%rﬁgéée%e&ﬁ%‘i’. M?hag’?’gﬁé% :

various failures deteriorating the pro ciston for occur
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asperities also cause deterioratiqn in the profile precision for the slider
Si Pn larly tRFOPREELhoVE- PERSS &Heaeéé{ﬁ dhe Burnosendti shShereforn wrongls
precision of the_ABS general,ll;)/ needs a crzﬁs crom of 10 nmor less in
order to inifraaaded shat the ayr beaning surfaee Cheneinaften rrferreddo ac ABS)dst he

i nformation recording density, the cutting method of the related art using
t he di anondmerenhighly precise, roughness-free, smooth and flat.

However, the cutting method of the related art using the diamond
sharp edge grinding wheel has a problem of being unable to cope with a
further improvement in precision of the ABS for a recent increase in the
information recording density because various failures deteriorating the
profile precision for the slider occur as described above.

Moreover, due to a large shearing force applied to the bar 8 during
cutting as described above, protrusions of about 2 nm to 10 nm or asperities
are produced at an edge at which the cut surface crosses the surface of the
ABS. There is a problem that the protrusions or asperities also cause
deterioration in the profile precision for the slider similarly to the
above-mentioned various malformations. Although the precision of the
ABS generally needs a cross crown of 10 nm or less in order to improve
stability of levitation of the slider and increase the information recording
density, the cutting method of the related art using the diamond sharp
edge grinding wheel has a problem of being unable to cope with the need.

Moreover, the following problem exists. Chippings of about 1 nm
to 20 nm are produced at the edge at which the surface of the ABS crosses

the cut surface obtained by the diamond sharp edge grinding wheel and the



g€dge grindi ng wheel has a probl em of being unable to cope with the need.
Myreover, the follow ng problemexists. Chippings of about 1 nmto 20 nm
are produced at the edge at which the surface of the ABS crosses the cut
surface obtained by the dianond sharp edge grinding wheel and the -6 -
edge at which a rear surface opposite to the ABS crosses the cut surface
obt ai ned by the dianond sharp edge gringding wheel. Simlarly to the
above-nmenti oned contam nation such as dudst, the chippings peel off the
slider due to vibration, shock or the.like during the use of the HDD, and

thus the chidpl ROy B0 fodSudhld Bffostfe tdEnd AERFLIdssel o A0t dieface
ﬁe nglfl? as the read%

contam nation”or cause t unction suc wite error
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contam nat} gl?usd l#:Emienghippings damage the surface of the magnetic disk as the
contamination or cause the malfunction such as the read/write error
resulting from the thermal asperity.

The HDD of the related art is manufactured in a clean room whose
cleanness is comparable to that of class 100 or more for a process of
manufacturing LSI in order to prevent contamination from entering the
HDD at the time of manufacturing. Moreover, an air filter is _included in
the HDD so as to cope with mainly external contamination. Such an
approach allows coping with an entry of contamination during
manufacturing and an entry of external contamination.

However, during manufacturing, the contamination produced by
peeling of chippings as described above adheres to the cut surface still in
the form of chipping. The chippings are not recognized as a cause of
failures. Thus, the chippings are likely to cause malfunction at the time of
an actual use of the HDD, but the chippings are not checked and are
overlooked. At the time of the actual use of the HDD, the slider having
the adhering chippings makes a relative movement over the nearly overall
surface of the magnetic disk. Thus, the slider is always located on or near

the magnetic disk whenever the chippings peel off. Thus, almost all the

particles of the peeling chippings always drop onto and adhere to the
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ng and an entry of external contam nation. However, durin
ng, the contam nation produced by peeling of chippings as

déscri bed above adheres to the cut surface still in the formof chip
The chippings are not recogni zed as a cause of failures. Thus, the
chippings are likely to cause malfunction at the time of an actual u
the HDD, but the chippings are not checked and are overl ooked. At the tine
of the actual use of the HDD, the sli det ~ havi ng the adhering chi ppi ngs
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oned cases, the slider including a magnetic head function

portion sucloniaminatien.ansducer has been descri bed

In any of the above-mentioned cases, the slider including a
magnetic head function portion such as the transducer has been described
as the device 1 to be separated of the typical related art. However, it is
needless to say that the type of device is not limited to only this type. An
example of the type of devices to be individually separated after being
formed is a contact-type image sensor comprising, for instance, a staggered
arrangement of a plurality of optical sensor devices. Nearly the same
problems of the cut surface as the above-mentioned problems arise in a
step of separating a plurality of optical sensor devices, or the like.
Moreover, nearly the same problems of the cut surface as the
above-mentioned problems arise in a step of separating levitation-type
heads of a structure in which an optical module for magneto-optical
recording, instead of the magnetic head, is mounted on a tip of a
suspension arm, or the like. Furthermore, nearly the same problems of
the cut surface as the above-mentioned problems arise in a step of
separating levitation-type heads of a structure having both of a magnetic
head and an optical head for magneto-optical recording, or the like.
Furthermore, nearly the same problems of the cut surface as the
above-mentioned problems arise in a step of separating contact-type

magnetic heads or optical heads including a contact pad for contacting the
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as the device 1 to be separated of the typical related art. However, it is
n(-;:edl ess to say that the type of device is not limted to only this type.
Al exanpl e of the type of devices to be individually separated after being
formed is a contact-type image sensor conprising, for instance, a staggered
arrangenment of a plurality of optical sensor devices. Nearly the sane
problems of the cut surface as the abovg-mentioned problens arise in a step
of separating a plurality of optical sewWsor devices, or the |Iike. Mreover,
nearly the sanme problens of the cut surface as the above-nentioned problens
arise in a g 0 L3}, Vi ' 'B&%‘?n dilaem@ticn whi ch
ﬁn gpt i cal gg%fe@%‘%%%ﬁ%@‘gd ?)sg{[{l”%%ltoh?ggor | ?R?ﬁg{igg%‘oﬁﬁt helg?]lagnet I C
ead, is nounte n tip of a suspension arm or the |ike. Furthernore,
nearly the éléi?emb?beoﬁ]éﬁ's of the cut surface as the above-nentioned probl ens
arise in a step of, separating l.evitation-type h s of ruc avin
both of a nagneti dh REHPT Sboq elpinate; @é‘f rﬂgglgx?qsgro QPB%éﬁgfagcga‘%H‘; gggrdi ng,
or the like. Furthernorg, nearly th%ﬁsgme probl ens, of .t he cut
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magneti c heads or optical heads including a contact pad for contacting the
devices or sliders must be polished or subjected to othepr processes a?ter t&me g

devices or sliders are completely cut and individually separated. A
technique of individually polishing the sliders through such a step is
proposed in Japanese Patent Laid-open No. Hei 6-282831, for example.
However, a step of lapping each of the cut surfaces of each slider after
individually separating the devices or sliders is extremely complicated, and
thus the time required for the step is long. That is, in a conventional
method in which polishing such as lapping is applied to the sliders
individually separated, a step of attaching each of the
individually-separated sliders to a lapping apparatus and lapping four side
surfaces of each slider, i.e., the cut surfaces of each slider is an extremely
complicated step. Thus, the conventional method has a problem that a
throughput of the step is inefficient and thus the step requires a long time.
The invention is designed to overcome the foregoing problems. It
is an object of the invention to provide a method of working a device and a
method of working a slider, which solve the problem of the deterioration in
the profile precision and the problem of the contamination resulting from
the roughness of the cut surface or the chippings in a cutting step of
individually separating a plurality of devices formed on one substrate,

thereby being capable of manufacturing the slider for implementing the



8- surface of the magnetic disk w thout damagi ng the surface of the
magnetic disk, or the like. In order to elimnate the roughness of the cut
sirface and the chi ppi ngs descri bed above, the final cut surfaces of each

of the individual

devices or sliders nust be polished or subjected to other

processes after the devices or sliders are conpletely cut and individually
separated. A techni.que of individually S8_0I I shing the sliders through such a

step is proposed in Japanese Patent Lai
e]>c<arrpl _e.dHovvever a step of |apping each of the cut surfaces of each slider
atter 1nai

conplicate

-open No. Hei 6-282831, for
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extrenely conplicated step. Thus, the conventional nethod has a problem
that a throughput of the step is inefficient and thus the step requires a

long tine. The invention is_desi
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nmet hod of working a slider,

A method of working a device of the invention for individually
separating a plurality of devices formed on one substrate comprises: a
supporting step for allowing a suspension to support the devices on a rear
surface opposite to a front surface of the substrate on which the devices are
formed; a notching step for cutting a notch at a boundary set between the
devices on the substrate to some midpoint of a thickness of the substrate
along the thickness of the substrate from the front surface of the substrate;
and a substrate cutting step for bringing a wire saw of a diameter greater
than a width of the notch into contact with the notch, and slicing the
substrate across the overall thickness of the substrate along the thickness
of the substrate while sliding the wire saw in a longitudinal direction,
thereby smoothing a cut surface formed by cutting while cutting the
substrate.

Another method of working a device of the invention for
individually separating a plurality of devices formed on one substrate
comprises: a supporting step for allowing a suspension to support the
devices on a rear surface opposite to a front surface of the substrate on
which the devices are formed; a first cutting step for cutting a boundary set

between the devices on the substrate across the overall thickness of the

ned to overcone the foregoing problens.
I de a nethod of working a device and a
whi ch solve the problem of the deterioration in

It



the profile precision and the problemof the contanination resulting from
t he roughness of the cut surface or the chippings in a cutting step of

i ndividually separating a plurality of devices fornmed on one substrate,

t her eby bei ng capabl e of manufacturing the slider for inplenenting the

-9- magnetic head that is available for the HOD with high reliability

W t hout causing the damage to the nagng_ c disk and the read/wite error
when the magnetic head, for exanple, I ncorporated and used in the HDD.
SUMMARY OF THE | NVENTI ON A net hod of working a device of the invention for
| ndi vi dual | $u1seRatb allbRg the Bhidkibld of o LGRS HoM TRE FRIMLAARLRURTHA! ©

conprises: a supporting step f | owi ng a suspenS| on to support the
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the substrate along the thickness of the substrate while sliding the wire

saw in a longitudinal direction, thereby smoothing a cut surface formed by
cutting while cutting the substrate.

A method of working a slider of the invention for individually
separating a plurality of sliders formed on one substrate comprises: a
supporting step for allowing a suspension to support the sliders on a rear
surface opposite to a front surface of the substrate on which the sliders are
formed; a notching step for cutting a notch at a boundary set between the
sliders on the substrate to some midpoint of a thickness of the substrate
along the thickness of the substrate from the front surface of the substrate;
and a substrate cutting step for bringing a wire saw of a diameter greater
than a width of the notch into contact with the notch, and slicing the
substrate across the overall thickness of the substrate along the thickness
of the substrate while sliding the wire saw in a longitudinal direction,
thereby smoothing a cut surface formed by cutting while cutting the
substrate.

Another method of working a slider of the invention for
individually separating a plurality of sliders formed on one substrate
comprises: a supporting step for allowing a suspension to support the

sliders on a rear surface opposite to a front surface of the substrate on



substrate across the overall thickness of the substrate along the thickness
of the substrate while sliding the wire saw in a | ongitudinal
t Her eby snmoothing a cut surface forned by cutting while cutting the
substrate. Another nethod of working a device of the invention for

i ndividual ly separating a plurality of devices formed on one substrate
conprises: a supporting step for allow_ng a suspension to support the
devices on a rear surface opposite to d1front surface of the substrate on
whi ch t he devices are formed; a first cutting step for cutting a boundary
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greater than a width of a portion cut by the first cutting step into contact

with the portion, and slicing the substrate across the overall thickness of

the substrate along the thickness of the substrate while sliding the wire

saw in a longitudinal direction, thereby smoothing a cut surface formed by

cutting while cutting the substrate.

In the method of working a device or the method of working a

slider of the invention, the notch is previously cut to some midpoint of the

thickness of the substrate, or the wire saw is brought into contact with the

notch previously cut by the first cutting step. In this case, the notch

previously formed serves as a guideline and guides the wire saw to an

appropriate boundary, i.e., a cutting position by self alignment, whereby

cutting takes place at a precise position. Moreover, the wire saw passes

through a portion which is already cut with a small width or is cut to at

least some midpoint of the thickness. Thus, only a very small shearing

force is applied to the substrate from the viewpoint of the strength of

materials, compared to the shearing force for a method of the related art in

which one cutting takes place using a diamond grinding wheel.

Only a

small shearing force such as is substantially close to the shearing force for

polishing rather than the shearing force for general cutting is applied to

the substrate.



A nmethod of working a slider of the invention for individually separating a
plurality of sliders formed on one substrate conprises: a supporting step
fdr allowing a suspension to support the sliders on a rear surface opposite
to a front surface of the substrate on which the sliders are forned; a
notching step for cutting a notch at a boundary set between the sliders on
the substrate to sonme mdpoint of a thi,gckness of the substrate al ong the

t hi ckness of the substrate fromthe frofmt surface of the substrate; and a
substrate cutting step for bringing a wire saw of a dianmeter greater than a
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sliders are formed; a first cutting step for cutting a boundary set
invention can cut the substrate with high precision for a short time and can

also make smoothness of the cut surface excellent, compared to a technique
proposed in, for example, Japanese Patent Laid-open No. Hei 4-195706, No.
Hei 7-296377 or the like in which the substrate is cut by only one cutting
step using the wire saw 50 as to individually separate magnetic heads.

One reason is as follows. In the case of a cutting method
according to the invention, the notch is previously provided as described
above and thus the notch allows the wire saw to be guided to the precise
position by self alignment. Another reason is that the wire saw can
always do cutting with the precise diameter portion thereof by
appropriately shifting the worn portion thereof and thus an error of a
cutting allowance can be reduced. Moreover, the wire saw cuts a portion
which is previously cut although a width of cut is small as described above,
and thus final cutting can be done by a small shearing force alone.
Accordingly, a speed at which the wire saw slices the substrate along the
thickness of the substrate at the time of cutting can be made faster than a
cutting speed of the wire saw of the related art (e.g., Japanese Patent
Laid-open No. Hei 4-195706). In other words, the slicing time can be
made shorter than the cutting time of the related art. Moreover, the cut

surface obtained through cutting can have excellent smoothness.



bet ween the sliders on the substrate across the overall thickness of the
substrate along the thickness of the substrate fromthe front surface of
the substrate; and a second cutting step for bringing a wire saw of a

di aneter greater than a width of a portion cut by the first cutting step
into contact with the portion, and slicing the substrate across the overal

t hi ckness of the substrate al ong the gngkness of the substrate while
sliding the wire saw in a |ongitudinal “tirection, thereby snoothing a cut
surface formed by cutting while cutting the substrate. In the method of
wor ki ng a devi ce em%eh [ :nS | il t he
notch is previ ous?{} tf:Hl‘}t to g%%ﬁ#rﬁqagﬁctéh%rdtﬁ?ﬁ %}‘2@2 %W'?{]%hgﬂ%st rate,
or the wire ' r . ] L th the,. i t by
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preci se posjition. Mregver, the wre saw passes, throygh a portion which is
al ready cutdigimandy gig Hngvvi‘ﬁﬁ‘?fﬁor ' teEH?‘t‘tQ’glsyat %h%SSstS%gb?rem%ydr}lﬁ 159¢ ¢ he
t hi ckness. Thus, only a very small shearing fqrce is applied to the
substrate fpexionped by dhpsisetofdhewize sawewhose diametesis &%ﬂeé&ii\ﬁﬁr tto the
shearing force for a nethod of the related art in which one cutting takes
pl ace usi neofdhdivenre sawdor tlé seconderittingstep.a smal | shearing force such as
I's substantially close to the shearing force for

The suspension for supporting the devices or the sliders on the

rear surface thereof may be joined to the rear surface of the substrate in
such a manner that the overall surface of the suspension is in contact with
the rear surface of the substrate. Alternatively, the suspension may be
joined to only the devices or the sliders so as not to be joined to the cutting
allowance between the devices or the sliders, thereby supporting the
devices or the sliders by only the joint portions.

Moreover, in the method of working a slider of the invention, it is
desirable that the substrate cutting step uses both of slurry containing
abrasive grains having a particle diameter of 5 pm or less and the wire
saw.

That is, an empirical rule that a damaged layer and a chipping
produced at the time of cutting are both 5 pm at the. maximum has been
heretofore obtained from previous practical manufacturing experience. It
is therefore desirable that the substrate is cut by the wire saw by using the
slurry containing abrasive grains having a particle diameter of 5 um or less
in order to control a stock allowance equal to or less than 5 pm, 1.e., a size

of the damaged layer and the chipping. More preferably, the particle



polishing rather than the shearing force for general cutting is applied to
the substrate. - 12 - Therefore, the substrate can be cut with high
prieci sion while the cut surface is snmoothed at the tine of cutting using
the wire saw, without causing deterioration in profile precision, roughness
of the cut surface, chipping or the like as in the related art. Moreover,
the nmethod of the invention can cut the substrate with high precision for a
short time and can al so make snoot hnesstof the cut surface excel |l ent,
conpared to a techni que proposed in, for exanple, Japanese Patent Lald open

No. Hei 4- 195008y t'é'fthé"ﬁb{a%i@eg gi?’glﬁ fg%] ub® & lth glﬂﬂg‘ig' bﬁﬁalt f?)ea i eis

cut byonlyonecu e wire saw so as to I ndividually
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and thus there is a tendency to be incapable of obtaining smoothness and
precision required for the slider. Accordingly, in consideration of such a
qualitative tendency, the particle diameter of the abrasive grain for use in
the slurry can be appropriately determined within a range of a particle
diameter of 5 um or less so that the particle diameter can be adapted to the
required smoothness and precision in dimension of cut.

If an amount of removal by the wire saw is too large, cutting does
not differ much from cutting using the conventional diamond grinding
wheel and thus a problem arises: the shearing force increases and the
cutting time also increases. It is therefore desirable that a difference in
dimension between the width of cut (gap) by the first cutting step and the
diameter of the wire saw is equal to 5 um to 15 um per cut surface.
However, the difference in dimension is not limited to these values. For
example, when the width of the damaged layer produced by the first
cutting step or the size of the chipping is larger than 5 pm, it is, of course,
desirable that the wire saw having such a diameter as can ensure the
removal of the damaged layer or the chipping is used.

Powders of diamond, sapphire or the like for a general abrasive
grain can be used as a material of the above-mentioned abrasive grain.

When the slurry is not used, the wire saw having abrasive grains deposited



cuttihg all owance can be reduced. Moreover, the wire saw cuts a portion
which is previously cut although a width of cut is snmall as descri bed
above, and thus final cutting can be done by a small shearing force al one.
Accordingly, a speed at which the wire saw slices the substrate along the

t hi ckness of the substrate at the time of cutting can be made faster than a
cutting speed of the wire saw of the related art (e.g., Japanese Patent
Lai d- open No. Hei 4-195706). In other aéfds, the slicing time can be nade
shorter than the cutting tine of the related art. Mreover, the cut surface
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substrate is cut together with the suspension into the individual devices or

sliders, whereby the insulating suspension can be used as an insulating
layer in each device or slider finally obtained. In short, the suspension
may be also used as a part of a structure of each of the devices or sliders
such as the insulating layer, without being removed from the individual
devices or sliders.

Other and further objects, features and advantages of the

invention will appear more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a principal part of a
constitution of a wire saw apparatus for use in a working method according
to a first embodiment of the invention and a bar on which a plurality of
sliders to be worked (to be cut and separated) by the wire saw apparatus
are arranged;

FIGs. 2A to 2D are cross sectional views of a sequenée of main
steps of a method of working a slider according to the first embodiment of
the invention;

FIG. 3 is a cross sectional view for illustrating a state of a cut

surface and an edge of a part of a front surface after a first cutting step;



such 'a manner that the overall surface of the suspension is in contact with
the rear surface of the substrate. Alternatively, the suspension may be
joined to only the devices or the sliders so as not to be joined to the
cutting all owance between the devices or the sliders, thereby supporting
the devices or the sliders by only the joint portions. Mreover, in the
met hod of working a slider of the invgg%hon, it is desirable that the
substrate cutting step uses both of sldaPry containing abrasive grains
having a particle dianeter of 5 [tmor |less and the wire saw. That is, an
enpirical rule th a g r : WeJa Nelol d t I me of
cutting are both gﬁ?éﬂg?ﬁﬁaﬁﬂ? ?xgéﬁﬁﬁgh1EggbﬁggﬂQIE{81g%%géﬁ%%%gﬁﬁgd from
previ ous pr ' ' enLence. It is therefore desirable that
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of a part of the front surface;

FIG. 6 is a cross sectional view for illustrating a notching step of a
second embodiment of the invention;

FIG. 7 is an illustration of a state in which a wire saw is brought
into contact with a cut groove portion of the bar; and

FIGs. 8A to 8F illustrate an example of a general slider working

step of the related art.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the invention will be described in detail below
with reference to the accompanying drawings.

[First embodiment]

FIG. 1 is a schematic illustration of a principal part of a
constitution of a wire saw apparatus 100 for use in a method of working a
slider and a method of working a device according to a first embodiment of
the invention and a bar 201 on which a plurality of sliders 200 to be worked
(to be cut and separated) by the wire saw apparatus 100 are arranged.

The wire saw apparatus 100 has the principal part comprising two
work rollers 101 and 102 facing each other substantially parallel to each

other; a wire saw 103 wound around the two work rollers 101 and 102;



If the size is less than 1 [err]m cutting efficiency, in fact, tends to
decrease. If the abrasive grain has a particle dianeter exceeding 5 [err]m.
t he abrasive grain does not differ much froma conventional dianond
grinding wheel and thus there is a tendency to be incapabl e of obtaining
snmoot hness and precision required for the slider. Accordingly, in '
consideration of such a qualitative tendency, the particle dianeter of the
abrasive grain for use in the slurry c be appropriately determ ned within
a range of a particle dianeter of 5 [err]mor less so that the particle
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di anond, sapphire or the like for a general abrasive
The wire saw apparatus 100 is used in a second cutting step to be

described later. It is needless to say that before the second cutting step a
substrate is already worked into the form of the bar 201 having an
arrangement of the sliders 200 and a suspension 202 is stuck on a rear
surface of the bar 201.

Next, main steps of the method of working the slider according to
the first embodiment will be deseribed with reference to FIGs. 2A to 2D.

First, as shown in FIG. 24, in a supporting step, the suspension
202 for supporting the sliders 200 is stuck on the rear surface of the
substrate, i.e., the bar 201, opposite to the front surface thereof on which
the sliders 200 are formed. Wax or the like, which has been heretofore
generally used, can be preferably used as an adhesive for use in the step.
Instead of the adhesive, the suspension 202 may adhere to the bar 201
(“supporting step”).

Moreover, in the suspension 202, a clearance 203 is previously
provided in a portion corresponding to a boundary between adjacent sliders
200, i.e., a width of cut. In first and second cutting steps to be described

later, the clearance 203 is taken as a condition for approximately uniform



grain can be used as a material of the above-nentioned abrasive grain. \Wen
the slurry is not used, the wire saw having abrasive grains deposited -
15 - to a wre itself, such as a dianond-el ectrodeposited wire saw, can be
used. Moreover, the devices or the sliders my be renoved fromthe
suspension after the cutting 'step according to the invention.
Alternatively, for exanple, the suspension is nmade of an insulating
material and the substrate is cut togé@ﬁér with the suspension into the

i ndi vi dual devices or sliders, whereby the insulating suspension can be
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Then, as shown in FIG. 2B, many sliders 200 included in one bar
201 are cut at the boundaries across the overall thickness along the
thickness from the front surface of the bar 201, whereby the sliders 200 are
individually separated from one another. At this time, in the embodiment,
the suspension 202 is not cut. Even if an upper portion of the suspension
202 is slightly deeply cut or damaged as shown in FIG. 2B, there is no
problem as long as the suspension 202 is not completely cut at this time.
In short, it is essential only that the individual sliders 200 of the cut bar
201 can be joined to the suspension 202 (“first cutting step”).

In the first cutting step, a cutting method of the related art using a
general diamond grinding wheel, for example, is adopted. Cutting using
the diamond grinding wheel has many problems: a cut surface or an edge
has a great degree of surface roughness as mentioned above; poor profile or
chipping often occurs; and a cutting allowance varies considerably due to
wear in the grinding wheel and thus the cutting allowance has low
accuracy of dimension. However, because the diamond grinding wheel
may be considered as a rigid body, a very high degree of alignment
precision of a cutting position, i.e., pitch precision of a cutting line can be
obtained through the use of a slicer having submicron feed precision or

other means.



to a first enbodi nent of the invention and a bar on which a plurality of
sliders to be worked (to be cut and separated) by the wire saw apparatus
are arranged; FIGs. 2A to 2D are cross sectional views of a sequence of
mai n steps of a nethod of working a slider according to the first

enbodi nent of the invention; FIG 3 is a cross sectional view for
illustrating a state of a cut surface_qacj an edge of a part of a front
surface after a first cutting step; Y16 FIG 4 is a table for
guantitatively showing a state of the cut surface fornmed by the first
cutting step; FI [ : ' ' . . .S mr a.f.0r med
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the wire saw is self-aligned along the cut groove 204 formed at the

high-precision position because a wire saw for use in the second cutting
step to be described later is flexible. Thus, the wire saw can be accurately
positioned.

Even through the use of the wire saw having good surface
smoothness of the cut surface but intrinsically having difficulty in
obtaining high pitch pre;:ision, the wire saw 1083 is guided to the cut groove
204 formed through the first cutting step and therefore high pitch precision
can be obtained at thé cutting position. In this sense, the cutting method
using a general diamond grinding wheel can be preferably adopted in the
first cutting step.

An example of the diamond grinding wheel and the detailed using
method thereof in the first cutting step is as follows:

the number of revolutions of the grinding wheel: about 12,000;

a feed speed: about 90 mm per minute;

a yarn count of the grinding wheel: No. 800 to No. 1500;

a diameter of the grinding wheel: about 90 mm;

a material of the grinding wheel: a metal bond grinding wheel; and

a cutting allowance: about 160 pm.

In this case, the pitch precision is set so that a cumulative pitch

errvor of the cut groove 204 in one bar 201 may be equal to or less than 2



FIGs. 8Ato 8F illustrate an exanple of a general slider working step of
the related art. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Enbodi ments of the invention will be described in detail below wth
reference to the acconpanying drawi ngs. [First enmbodinent] FIG 1 is a
schematic illustration of a principal part of a constitution of a wre saw

apparatus 100 for use in a nethod of \_Agr king a slider and a nmethod of

wor ki ng a device according to a first B5odi nent of the invention and a bar
201 on which a plurality of sliders 200 to be worked (to be cut and

separ at ed) pmi the wire saw apparatus 100 are arranged. The wire saw
appar atus 100 has the principal part conprising two work rollers 101 and
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microscope is copied based on the photomicrograph. It can be seen from

the drawing that cut surface 205 is clearly rough and chipping 207 is

produced on the edge. As shown in Table of FIG. 4, in this state, the

surface roughness (Ra) of the cut surface 205 was equal to 20 nm to 30 nm,

a size of the chipping was equal to 5 um to 20 pm and a size of a protrusion

(strain) was equal to 5 um to 15 pm. On the other hand, although not

shown in FIGs. 8 and 4, position precision of the cut groove 204, i.e., the

pitch precision is extremely high.

After the first cutting step, as shown in FIGs. 2C and 7, the wire
saw whose diameter is greater than the width of a portion cut by the first
cutting step, i.e., the width of the cut groove 204 is brought into contact
with a portion of the cut groove 204 of the bar 201. While the wire saw is
slid in a longitudinal direction, the bar 201 is sliced across the overall
thickness of the bar 201 along the thickness of the bar 201. Thus, while
the bar 201 is cut, a final cut surface 206 formed by cutting is smoothed
(“second cutting step”).

The second cutting step permits cutting the bar 201 into the
completely individual sliders 200 while forming the extremely smooth cut
surface 206, as shown in FIG. 2D and Table of FIG. 4.

FIG. 5 shows a state of the cut surface 206 thus formed and the



wor ked; and a work table 302 on which the bar 201 and the coll et pedestal
301 are placed and which changes its position relative to the wire saw 103
by maki ng a vertical novenent and a horizontal rotation. The wire saw
apparatus 100 is used in a second cutting step to be described later. It is
needl ess to say that before the second cutting step a substrate is already
worked into the formof the bar 201 havj_ng an arrangenent of the sliders
200 and a suspension 202 is stuck on a%4lear surface of the bar 201. Next ,
mai n steps of the nethod of working the slider according to the first
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cl earance 203 is taken as a condition for approxinmately uniform
shown in FIG. 3.

An example of a method of using the wire saw in the second
cutting step is as follows:

a wire speed: 600 m/min;

a wire dispensing speed: 3 m/min;

a wire tension: 6 kg;

a width of the cut groove 204 at the time of the above-mentioned
first cutting step: about 160 pm;

a wire diameter (after cutting by the wire saw): 200 um (i.e., an
amount of removal of 20 pm per cut surface);

a work feed speed: 0.5 mm/min;

lapping shurry: oil to which 1-2 wt% of diamond abrasive grains of
0.25 pm diameter is added;

a slurry feed rate® 1-2 /min; and

a working time: 5 minutes to 10 minutes per bar.

Moreover, set surface roughness is set to 2 nm or less, and an
acceptable set protrusion (asperity) is set to 2 nm or less.

The second cutting step is performed by using the wire saw under

the above-mentioned condition. As a result, as shown in Table (a



18" cutting between the front surface of the bar 201 and the cl earance 203.
Al t hough the provision of the clearance 203 is nore desirable, the
cl'earance 203 is not indispensable. It therefore goes w thout saying that

t he cl earance 203 can be elimnated. Then, as shown in FIG 2B, many
sliders 200 included in one bar 201 are cut at the boundaries across the
overall thickness along the thickness fromthe front surface of the bar
201, whereby the sliders 200 are indiV@&Jally separated from one anot her

At this time, in the enbodi ment, the suspension 202 is not cut. Even if an
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above; poor profile or
200, are formed.

After the second cutting step is thus performed so that the bar 201
is cut into the individual sliders 200, the individual sliders 200 are
separated from the suspension 202, whereby the sliders 200 completely
separated can be obtained.

In the embodiment, it has been described that the sliders 200 are
finally separated from the suspension 202. However, the invention is not
limited to this embodiment. Alternatively, for example, the suspension
202 is made of an insulating material and the bar 201 is cut together with
the suspension 202 into the individual sliders 200, whereby the insulating
suspension 202 can be used as an insulating layer in each slider 200 finally
obtained. Thus, the suspension 202 can be also used as the insulating
layer constituting a part of a structure of each of the sliders 200, without
being removed from the individual sliders 200. In this case, the
suspension 202 may be completely cut in the second cutting step, or the
suspension 202 may be completely cut in another step after the sliders 200
are cut in the second cutting step.

[Second embodiment]
Next, a second embodiment of the invention will be described.

In the first embodiment, in the first cutting step, the bar 201 is



chi pping often occurs; and a cutting allowance varies considerably due to
wear in the grinding wheel and thus the cutting allowance has |ow accuracy
of  di mension. However, because the dianond grinding wheel may be considered
as arigid body, a very high degree of alignnment precision of a cutting

position, i.e., pitch precision of a cutting line can be obtained through
the use of a slicer having subm cron Egﬁg_precision or .ot her neans. -19-
Once the first cutting step is perfor with high pitch precision and then

a cut gap, i.e., a cut groove 204 fornmed through the first cutting step is
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corresponding to the first cutting step (see FIG. 2B) of the first embodiment.
The other steps and methods of the second embodiment are the same as
those of the first embodiment, and thus the description thereof is omitted.
A working method of the second embodiment can obtain an extremely
smooth and excellent cut surface, nearly similarly to the first embodiment.
In the second embodiment, the notch 208 is first cut to some
midpoint of the thickness of the bar 201. Thus, the wire saw 103 is guided
to the notch 208 and brought into contact with the precise position by self
alignment. Additionally, the notch 208 is always present in the bar 201,
i.e., at least the front surface thereof which most requires smoothness and
no chipping. The precise contact of the wire saw 103 and the presence of
the notch 208 ensure that the wire saw 103 comes into contact with the
front surface of the bar 201 by a small shearing force similarly to the first
embodiment, thereby enabling the cut surface of the contact portion to be
extremely smoothed. Moreover, the notch 208 is previously cut to some
depth, whereby a shearing force and a residual stress resulting from the
shearing force decrease also at a portion not having a notch deeper than
the notch 208. Accordingly, the surface of the portion having no deeper

notch can be also smoothed without being roughed. Moreover, the

occurrence of malformation such as a cross crown can be avoided.



204 f'ornmed through the first cutting step and therefore high pitch
preci sion can be obtained at the cutting position. In this sense, the
cutting nethod using a general dianond grinding wheel can be preferably
adopted in the first cutting step. An exanple of the dianond grindi ng wheel
and the detailed using nethod thereof in the first cutting step is as
follows: the nunber of revolutions of the grinding wheel: about 12,000; a
feed speed: about 90 mm per mnute; a Y& n count of the grinding wheel: No.
800 to No. 1500; a dianeter of the grinding wheel: about 90 mMmm a nmateri al

o b 311 72,05, "t g AT B ot o eniianagg,

Lhat o CUT oL Pt B8 Rhafls WEpAL p ARV S 4 G0y RRGndfl s e

bt b | nAtaERR it & compragtign of HardndbsSY the bar 561 ih Whm8 W ¢RE®
strength of materials and hardness of abrasive grains or a balance between
the hardness and the cutting allowance.

However, qualitatively speaking, the notch 208 must be cut to
such a depth that the set surface roughness can be equal to or less than 2
nm and the acceptable set protrusion (asperity) can be equal to or less than
2 nm as mentioned above. Therefore, the depth of the notch 208 can be
determined in the following manner. Prior to an actual application of the
working method according to the invention, a cutting test is carried out as
a trial according to specifications of the bar 201 and the wire saw 103 for
cutting the bar 201. Such a preferable depth as can realize the
above-mentioned set surface roughness and acceptable set protrusion
(asperity) is determined in accordance with the result of the test.
In any of the above-mentioned embodiments, the description has

been given with regard to an example of application of the invention to a
step of working the slider. It is, however, needless to say that the
application of the invention is not limited to only this example. Besides,
the invention is generally applicable to a device which requires some
mechanical smoothness in shape. An example of this type of device is a
contact-type image sensor comprising, for instance, a staggered
arrangement of a plurality of optical sensor devices. Mechanical

smoothness is also required for a step of separating a plurality of optical



step under the above-nentioned condition, wherein the state observed by a
m croscope is copi ed based on the photom crograph. It can be seen fromthe
drawi ng that cut surface 205 is clearly rough and chi pping 207 is produced
on the edge. As shown in Table of FIG 4, in this state, the surface
roughness (Ra) of the cut surface 205 was equal to 20 nmto 30 nm a size
of the chipping was equal to 5 [err]nlﬁ 20 [err]mand a size of a
protrusion (strain) was equal to 5 [er ?n1to 15 [err]m On the other hand,
al t hough not shown in FIGs. 3 and 4, position precision of the cut groove
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step, as s e W re saw whose dianeter is greater
than the w dth of ortio ut by t. L L Sh:GULL [ wi dt h
of the cut t&%ﬁ%’@"g‘ﬁ (fpgmé’i(?gﬁ%ﬂr ‘?%‘{lge%c}té%{ea%}flsy\}‘xﬁ? n(g, %{gr |%nd%¥m§%12@c ut
groove 204 of the bar, 201. .\Wile the wirg saw is slid,in.;a l.ongi | nal

di recti on, f&?esua exfan %ptéq\%yilég’as“&cqr ]felfFe°°891é§ g?ﬂem%ecwggggp Hd ﬂée bar
201 al ong the thickness of the bar 20 Thus, iJe the bar 201 is cut, a
final cut dSike neel offs Conspsyenilyc atnrpﬁljm 8rish$ot hadt 1 g’%% BHHC%US??}S%
step"). The second cutting step permts cutting the bar 201 into th

conpl et el y devices alboatequitescihe PEyentpn of the mhippings and thengoyghnessoh cut

surface 206, as shown in FIG 2D and Table of FIG 4. FIG 5 shows a state
of the cut therdear2es. t The ihventich eartdbe saitably used also in this case.

Alternatively, similarly to the above-described embodiments, the
invention can be suitably used in a step of separating levitation-type heads
of a structure in which an optical module for magneto-optical recording,
instead of a magnetic head, is mounted on a tip of a suspension arm, or the
like. Moreover, similarly to the above-described embodiments, the
invention can be suitably used in a step of separating levitation-type heads
of a structure having both of a magnetic head and an optical head for
magneto-optical recording, or the like.

Furthermore, similarly to the above-described embodiments, the
invention can be suitably used in a step of separating contact-type
magnetic heads or optical heads including a contact pad for contacting the
surface of the magnetic disk without damaging the surface of the magnetic
disk, or the like.

As described above, according to the method of working a device or
the method of working a slider of the invention, the notch is previously cut
to some midpoint of the thickness of the substrate, or the wire saw is
brought into contact with the notch previously cut by the first cutting step.

In this state, the substrate is cut, whereby the devices or the sliders are



- 21 - edge thereof, showing nore particularly a state of a part of the
front surface observed by a m croscope, wherein an outer shape of the state
i s copi ed based on the photom crograph. It can be seen that the cut surface
206 has few asperities and chippings and is extrenely snooth, conpared to
the cut surface obtained through the above-nentioned first cutting step
shown in FIG 3. An exanple of a net ho_%o_f using the wire saw in the second
cutting step is as follows: a wire speett. 600 mmin;, a wire dispensing
speed: 3 mimn; a wire tension: 6 kg; a wwdth of the cut groove 204 at the
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boundary, 1.e., the cutting position by self alignment, whereby cutting can
take place at the precise position.

More particularly, in cutting and individually separating the
devices or sliders which are formed on one substrate and require the
smoothness of the side and front surfaces thereof, the problem of the
deterioration in the profile precision and the problem of the contamination
resulting from the roughness of the cut surface or the chippings are solved,
whereby it is therefore possible to provide the slider for implementing the
magnetic head that is available for the HDD with high reliability without
causing the damage to the magnetic disk and the read/write error when the
magnetic head, for example, is incorporated and used in the HDD.

By solving the problem of the deterioration in the profile precision
and the problem of the contamination resulting from the roughness of the
cut surface or the chippings, it is also possible to provide various types of
devices such as an optical sensor device available with high reliability
without causing malfunction or the like due to the contamination at the
time of an actual use.

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.



0.25 "Imdi aneter is added; a slurry feed rate: 1-2 |/mn; and a worKking
time: 5 mnutes to 10 m nutes per bar. Mreover, set surface roughness is
set to 2 nmor less, and an acceptable set protrusion (asperity)is-set to

2 nmor less. The second cutting step is perforned ' | saw
under the above-nentioned condition. As a result, aE'I ﬂp}’ﬂﬂl nﬂgmﬂi(a -
22 - "dianond 1/4" colum) of FIG 4, the protrusiohs I'’€Ss t han
| [err]m the size of chipping is less'han 0.3 [err]m and the surface

roughness (Ra) is less than 2 nm It has been shown that the cut surface

and the edggs LolhifleQ i§Xtremely snooth and excel lent for side surfaces of
the sliders W aréﬁ#eorlrred. After the second cutting step is thus

_perfo_rmad SO '_that the bar 201 is cut into the individual sliders 200, the
i ndi vidual sliders 200 are separated fromthe suspension 202, whereby the

sliders 200 conpl ot el y SeRAHALLLCANLE RHA B8 indibiddiyP P TRY » 11 NBS
plurality of devices formed on one substrate, comprising:

a supporting step for allowing a suspension to support the devices
on a rear surface opposite to a front surface of the substrate on which the
devices are formed;

a notching step for cutting a notch at a boundary set between the
devices on the substrate to some midpoint of a thickness of the substrate
along the thickness of the substrate from the front surface of the substrate;
and

a substrate cutting step for bringing a wire saw of a diameter
greater than a width of the notch into contact with the notch, and slicing
the substrate across the overall thickness of the substrate along the
thickness of the substrate while sliding the wire saw in a longitudinal
direction, thereby smoothing a cut surface formed by cutting while cutting

the substrate.

2. A method of working a device for individually separating a
plurality of devices formed on one substrate, comprising*

a supporting step for allowing a suspension to support the devices
on a rear surface opposite to a front surface of the substrate on which the
devices are formed;

a first cutting step for cutting a boundary set between the devices



final'ly separated fromthe suspension 202. However, the invention is not
limted to this embodinent. Alternatively, for exanpter—the-suspension 202
is made of an insulating material and the bar 201 is th the
suspension 202 into the individual sliders 200, wher em,l #mﬂmgm, jﬂ
suspensi on 202 can be used as an insulating layer in eac

finally obtained. Thus, the suspension 202 can be al so used as the

i nsul ating layer constituting a part of“®a structure of each of the sliders
200, w thout bei ng renoved from the individual sliders 200. 1In this case,

t he suspens;|
usp S%gh %?Qétpea Fet etﬁ‘é %’v@!ra{:lptthicﬁnéébeoﬁ%ﬁé’%b@waﬁé ndorsd @Re Or the

erjzpentslpn X conp y cut 1n another step after the sliders 200

cut in
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portion, and slicing the substrate across the overall thickness of the
substrate along the thickness of the substrate while sliding the wire saw in
a longitudinal direction, thereby smoothing a cut surface formed by cutting

while cutting the substrate.

3. A method of working a slider for individually separating a
plurality of sliders formed on one substrate, comprising:

a supporting step for allowing a suspension to support the sliders
on a rear surface opposite to a front surface of the substrate on which the
sliders are formed;

a notching step for cutting a notch at a boundary set between the
sliders on the substrate to some midpoint of a thickness of the substrate
along the thickness of the substrate from the front surface of the substrate;
and

a substrate cutting step for bringing a wire saw of a diameter
greater than a width of the notch into contact with the notch, and slicing
the substrate across the overall thickness of the substrate along the
thickness of the substrate while sliding the wire saw in a longitudinal
direction, thereby smoothing a cut surface formed by cutting while cutting

the substrate.



mi dpoi nt of the thickness of the bar 201 as shown in FIG 6, as a step
corresponding to the first cutting step (see FIG 2B) of the—fiTst
enbodi ment. The other steps and net hods of the second em

KLy Xt
same as those of the first enbodinment, and thus the desclig ‘mm“nmm“\s
onmitted. A working method of the second enbodi ment can obG&l B an extrfendly

snmoot h and excel |l ent cut surface, nea[§¥) simlarly to the first enbodi nent.
In the second enbodi ment, the notch 208"is first cut to sonme m dpoint of
the thickness of the bar 201. Thus, the wire saw 103 is guided to the notch

208 and brought intg & twdiKiRe (e §liREL abeRARS td CRINDS, $lidred tlgnment .
iAddiEi;)Ral fyy the%n]g}tecﬁaggg Y?Héﬁ%\aé;g lpélgggnt im the bar 201, ?.e.l;wat
east the f1gni Surlace Lhes 0% AR UERHHK &% SRRIBOGSHtAREngO

chi ppi ng. Sﬁ'iﬂi icggﬁﬁgn g’?st FEERE W Fe ggwq%B ang tﬁ"e gr esence of the

tch 2 [ Wi j ]

cur face of AE-EtNE ByiEaRITIELSara Pop act of Rt A ek 885 1 o
enbodi ment, thereby enabling the cut surface of the contact portion to be
extrenely snoot hed. Moreover, the notch 208 is previously cut to sone

dept h, whereby a shearing force and a resjdual stress resulting.fromthe
shearing fodce dedy éag‘él(%l 5 workingo @& iséllﬁieﬁog)rh W@}f% ot%ﬁaf)%é%rat han
the notch 208. Accordingly, the surface of the portion having no deeper
notch can bpluahlity sialisiene trmedhenoneeithgirato.gomprisme eover, the occurrence
of malformation such as a cross crown can be avoi ded.
a supporting step for allowing a suspension to support the sliders
on a rear surface opposite to a front surface of the substrate on which the
sliders are formed;
a first cutting step for cutting a boundary set between the sliders
on the substrate across the overall thickness of the substrate along the
thickness of the substrate from the front surface of the substrate; and
a second cutting step for bringing a wire saw of a diameter greater
than a width of a portion cut by the first cutting step into contact with the
portion, and slicing the substrate across the overall thickness of the
substrate along the thickness of the substrate while sliding the wire saw in

a longitudinal direction, thereby smoothing a cut surface formed by cutting

while cutting the substrate.

6. A method of working a slider according to claim 5, wherein the
substrate cutting step is performed through the use of slurry containing

abrasive grains having a particle diameter of 5 pm or less and the wire saw.



- 24 - A preferable quantitative range of a depth of cut of the notch 208
I's not determned. That is because a state of the cut surface varies in
accordance with a conbinati on of hardness of the bar 201 in ternms of the
strength of materials and hardness of abrasive grains or a bal ance between
t he hardness and the cutting all owance. 3plowever, qualitatively speaking,
the notch 208 nust be cut to such a depth that the set surface roughness
can be equal to or less than 2 nmand the acceptable set protrusion
(asperity) can be_equal to or less than 2 nmas nentioned above. Therefore,
t he depth ofA ch 208 can be determned in the follow ng manner. Prior
to an actual 28pbireati on of the wor ki ng met hod according to-the invention,
a cutting test is carried out as a trial according to specifications of t he
bar 201 and thﬁgmnre saw 103 for cutting the bar 201“?33 % 3 %referable
depth as canMETHPD ,QF  WARKING DENICE MESHQD, OF, 8O én &dDERN g
acceptabl e set protrusion (asperity) is determned in accordance with the
result of the test. In any of the above-nentioned enbodi nents, the
description has been given with regard to an exanpl e of appllcatlon of the
I nvention to a

A working method capable of implementing various types of
devices such as a slider available with high reliability without causing
malfunction or the like due to contamination during an actual use is
provided by solving a problem of dete;'ioration in profile precision and a
problem of contamination resulting from roughness of a cut surface or
chipping.

A wire saw comprising a wire having a diameter greater than a
width of a portion cut by a first cutting step, namely, a width of a cut
groove is brought into contact with the cut groove of a bar. While the wire
saw is slid in a longitudinal direction, the bar is sliced across the overall
thickness of the bar along the thickness of the bar. Thus, while the bar is

cut, a final cut surface formed by cutting is smoothed.
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step of working the slider. It is, however, needless to say that the
application of the inventionis not limted to only this exanple. Besides,
the invention is generally applicable to a device which requires sone
mechani cal snoot hness in shape. An exanple of this type of device is a
contact-type i mage sensor conprising, for instance, a staggered arrangenent
of a plurality of optical sensor devices. Mechanical snpothness is also
required for a step of separating a pluraddty of optical -25 - sensor
devices constituting the contact-type i mage sensor, or the like. If the
separated optical sensor devices have chippings or the |like, damage to the
surface of an optical sensor or the like occurs when the chippings or the
| i ke peel off. Consequently, a problemarises. That is, the optical sensor
device al so requires the prevention of the chi ppings and the roughness of
the cut surface. The invention can be sz' bly used also in this case.
Alternatively, simlarly to the above-d ri bed enbodi nents, the invention

can be suitably used in a step of separating levitation-type heads of a
structure in which an Oﬁti al mpgge for nagneto-optig.
anted oy a tip Hf a suspensi

recordi ng, instead

of a magnetic head, is \%Mrn or the

302 202

FIG.1



I'i ke, Mreover, simlarly to the above-descri bed enbodi nents, the
I nvention can be suitably used in a step of separating levitation-type
heads of a structure having both of a magnetic head and an optical head for
magnet o-opti cal recording, or the like. Furthernore, simlarly to the
above-descri bed enbodi nents, the invention can be suitably used in a step
of separating contact-type magneti c heads or optical heads including a
contact pad for contacting the surface2¥hthe magnetic di sk wthout
damagi ng the surface of the magnetic disk, or the |like. As described above,
according to the nethod of working a device or the nmethod of working a
slider of the invention, the ngtch is preyiqusly cut % sone m Wnt of
the thickness of the substrate208 the mﬁ&@ﬁ%am/is br th into g tact

with the notch previously cut by the firggjcutting step. In this state, the
substrate is cut, whereby e devices or the sliders are 26 -
I ndi vidual | y separated fro ne | med
serves as a guideline and i Wi e /S g ; oMn Y,
i.e., the cutting pggnpggp et ] ; erepy, tA A ////fy
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take '‘pl ace at the precise position. Mdre particularly, in cutting and
individually separating the devices or sliders which are fornmed on one
substrate and require the snoot hness of the side and front surfaces

t hereof, the problemof the deterioration in the profile precision and the
probl em of the contam nation resulting fromthe roughness of the cut
surface or the chippings are solved, whereby it is therefore possible to
provide the slider for inplenenting th8 sfdgnetic head that is available for
the HDD with high reliability wi thout causing the danage to the magnetic

di sk and the read/wite error when the magnetic head, for exanple, is

i ncorporated and used in the HDD. By solving the problemof the
deterioration in the profile preC|S|03%6 d the problem of the contam nation
resulting fromthe rou ss of Eﬁ% rfa&i or thﬁcgtippings, it is

al so possible to prOV| arlous o) 8s suc an optical sensor
devi ce avail able with high rellab|+|ty thou{ causi ngi mal function or the

li ke due to the contam gation 3 i ously many
nodi fi cations and 43X ohs” of Zlble in the
i ght of the abovg t‘. i s that within
the scope of the pgpended ot herw se
than as specifica deser yhe
50pum
FIG.3
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1 1171111 111111 11111 11111 11 1111 27 What is claimed is: 1. A method of
wor king a device for individually separating a plurality of devices forned
on one substrate, conprising: a supporting step for allowi ng a suspension
to support the devices on a rear surface opposite to a front surface of the
substrate on which the devices are fornmed; a notching step for cutting a
notch at a boundary set between the devices on the substrate to sone

m dpoi nt of a thickness of the substrage gl ong the thickness of the
substrate fromthe front surface of the substrate; and a substrate cutting
step for bringing a wwre saw of a dianeter greater than a width of the
notch into contact with the notg?g)and slicing the substrate across the
overall thickness of the substr al ong the thickness of the substrate
while sliding the wire saw in a lpngitudinal direction, thereby snoothing a

cut surface forned by cuttimgobrtecottApgtiyeysubstrate. 2. A nethod of
wor ki ng a device for indivifddall y gegarating &
FIG.5
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plurality of devices forned on one substrate, conprising: a supporting step
for allow ng a suspension to support the devices on a rear surface opposite
to a front surface of the substrate on which the devices are forned; a
first cutting step for cutting a boundary set between the devices -28 -
on the substrate across the overall thickness of the substrate al ong the

t hi ckness of the substrate fromthe front surface of the substrate; and a
second cutting step for bringing a wirb, 45w of a dianeter greater than a

wi dth of a portion cut by the first cutting step into contact with the
portion, and slicing the substrate across the overall thickness of the
substrate along the thickness of the substrate while sliding the wire saw
in a longitudinal direction, thereby snoothing a gut surface formed by
cutting while cutting the substraier~8==Aet hod of working a slider for
ormed on one substrate,
conprising:. a stgpgg}ng step fouﬂﬁﬁaomﬁng a duspension to support the
sliders on a rear surface oppos\ qur f ace of the substrate on
whi ch the

FIG.8B

FIG.8C
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FIG.8E
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sliders are*fornmed; a notching step for cutting a notch at a boundary set
between the sliders on.the substrate to sone mdpoint of a thickness of the

di anef e greater wi dth of the notch into contact wwth the notch, and
slicihg thﬁMt" \ arross the overally thickness of the substrate al ong

the t 7 supstrate while sli'ding the wire saw in a | ongitudinal
di rectqi on, thereby snoothing a cut surface forned by cutting while cutting

t he sybstrat RROCESSING METHOD oFDEVECEccording to claim 3,
wherein the substrate cut timyg~step Ts performed throug the use of slurry

containing abrasive grains having a pargNgje diameter of 5 [err]mor |ess
and the wire saw. 5. A met hod of g a slider for individually
separating a plurality of ! conprising: a
supporting step for all ow-A§ gﬁguwem%ﬁbgg‘p%u Ejﬁe sliders on a rear

surface opposite to a front surface of the substrate on which the

BACKGROUND OF THE INVENTION
1. Field of the Invention
The invention relates to a method of working a device and a

=~ method of working a slider. More particularly, the invention relates to a

method of working a device and a method of working a slider for cutting

and individually separating devices or sliders which are formedd on one

substrate and require smoothness of the side and front surfaces thereof.

2. Description of the Related Art

A slider for a magnetic head for use in a magnetic recording
apparatus such as a hard disc driver (hereinafter referred to as HDD) is
manufactured through steps generally shown in FIGs. 8A to 8F, for
example.

First, a plurality of devices 1 such as a transducer having a
function of writing/reading information as the magnetic head are formed on
a substrate 2 such as a ceramic substrate (see FIG. 8A).

Then, the substrate 2 is cut so as to be rectangular (see FIG. 8B).
Then, the rectangular substrate 2 is further sliced into bars, each of which
has a line of about ten or more devices 1 horizontally arranged, and bars 3
are separated from one another (see FIG. SC). Heretofore, such cutting

has been generally performed by using a diamond peripheral cutting edge.
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sliders are iofh@d a first cutting step for cutting a boundary set between
the sliders on the substrate across the overall thickness of the substrate
al ong the thickness of the substrate fromthe front surface of t he
substrate; and a second cutting step for bringing a wyg o cor—eh e er
greater than a width of a portion cut b# the first cuj nag;g@gmsunsager
contact with the portion, and slicing t 8 substrate agross thejlo @%9
t hi ckness of the substrate al ong the thickness of the sg@&tr@?& %ﬁ le..
sliding the wire saw in a longitudinal direction, therleky=s Saico S
surface formed by cutting while cutting the substrate. 6 A nethod of
wor ki ng a s|ABSFRAEBording to claimb5, wherein the substrate cutting step
is perfornmed through the use of slurry containing abrasive grains having a
particle dianmeter of 5 [err]mor |less and the wire saw.

METHOD OF WORKING DEVICE AND METHOD OF WORKING SLIDER

W

A working method capable of implementing various types of
devices such as a slider available with high reliability without causing
malfunction or the like due to contamination during an actual use is
provided by solving a problem of dete;ioration in profile precision and a
problem of contamination resulting from roughness of a cut surface or
chipping.

A wire saw comprising a wire having a diameter greater than a
width of a portion cut by a first cutting step, namely, a width of a cut
groove is brought into contact with the cut groove of a bar. While the wire
saw is slid in a longitudinal direction, the bar is sliced across the overall

thickness of the bar along the thickness of the bar. Thus, while the bar is

cut, a final cut surface formed by cutting is smoothed.

FIG 2
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