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"FLYI NG MAGNETI C HEAD SLI DER FI ELD OF THE | NVENTI ON The present invention
relates to a flying magnetic head slider used in a disk type nenory device
of d conputer system particularly to a negative-pressure head slider.

- DESCRI PTI ON OF THE RELATED ART It has bgen requested, for a flying magnetic
head slider, to achieve a very |l ow spacing with uniformflying height in
accordance wi t FLYINGMARNEIHS H8ADhSEABER ecor di ng density of a HDD (Hard
Di sk.Device). Particularly, in case of a swing-armtype HDD whi ch has
recently spread, it is necessary to keep a constant flying hei ght by
conpensatin arlatlon of arelative speed of the slider with respect to a

surface of @Fs THL I NKENIdi®ensat i ng vari ation of a skew angle of the
slider across the disk surface. A typical %net i c head slider assenbly for
keeping a consfli¢ phemens HéWGIﬁlttiPﬁl éfe'lﬁ@e§T Qv 8r $dyikngs aggnedilicohedsht our)

slider described in U S. Pat. No.4,673,996. The TPC
slider used in a disk type memory device of a computer system,

particularly to a negative-pressure head slider.

DESCRIPTION OF THE RELATED ART

It has been requested, for a flying magnetic head slider,
to achieve a very low .spacing with uniform flying height in
accordance with recent demand for higher recording density of a
HDD (Hard Disk Device). Particularly, in case of a swing-arm
type HDD which has recently spread, it is necessary to keep a
constant flying height by compensating variation of a relative
speed of the slider with respect to a surface of the disk and
by compensating variation of a skew angle of the slider across
the disk surface.

A typical magnetic head slider assembly for keeping a
constant flying height is a TPC (Traverse Pressurization
Contour) slider described in U.S. Pat. No.4,673,996. The TPC
slider in this patent has an air bearing surface with a notched
recess having a very small depth along each side edge of the
alr bearing surface to produce traverse pressurization. This
TPC slider 1s alleged to provide an almost constant flying

height. However, it has been pointed out that the TPC slider
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slider in this patent has an air bearing surface with a notched recess
having a very smal| depth al ong each side edge of the air bearing surface
to produce traverse pressurization. This TPC slider is alleged to provide
an al nost constant flying height Fbmever it has been pointed out that the

TPC sl i der PLACED, SHEETS uire ve reci se chinin
for forn1n:EE qﬁ%?ﬁ%c%u%%r¥e&Fﬁ?E??ﬂP%$?b¥q?ﬁ f?% ke E%bé%l?h%éﬁég to va?y
the flying hei Al so, it has bee i nted out_ that a HDD using the TPC
T dor TGRS o Sk S LeT en ERE I RS e e L R aie S o draep £ Bihot her

exarple, - TEbREPPLEER: "RLAaM FE PRI TR TOH I BiLoPHt IR Yals
S. Yoneoka gheq+PC sf&der will behave unstable movement during the seeking
operation.

Another flylng head sliders are negati&e—pressure head
sliders described in, for example, Japanese Patent Unexamined
Publication No. 6(1994)-195916 and in S.Yoneoka et al., "A
NEGATIVE PRESSURE MICROHEAD SLIDER FOR ULTRALOW SPACING WITH
UNIFORM FLYING HEIGHT", IEEE Transactions on Magnetic, Vol.27,
No.8, November 1991, pp.5085-5087, respectively. The former
slider provides negative pressure by making up a U-shaped rail
near its leading edge, whereas the latter slider provides
negative pressure by making up a recess by widening the
distance between its two side rails. These negative-pressure
sliders are alleged to improve their dynamic flying
characteristics by balancing the positive and negative air
pressures with the loading force applied from the suspension.
However, it is quite difficult for these conventional negative-
pressure sliders to realize a constant flying height
characteristics across the disk as that obtained by the above-
mentioned TPC slider. For example, if the conventional
negative-pressure slider is designed to have a flying height of
60 nm, this slider may in fact produce a difference of about 10

nm between the flying heights at the inner and outer positions



NEGATI VE PRESSURE M CROHEAD SLI DER FOR ULTRALOW SPACI NG W TH UNI FORM

FLYI NG HEI GHT", | EEE Transacti ons on Magnetic, Vol.27, No.6, Novenber 1991,
pp. 5085-5087, respectively. The former slider provides negative pressure by
maki ng up a U-shaped rail near its |eadi edge, whereas the latter slider
provi des neggtive pressure by maki ng uptgirecess by wi dening the distance

bet ween it Tt fBesOd&Kraj FUr theLmoTRa o Alithoughe ea8ghe of| theses 5PBVEMtIQDR L o
i nprove their dynamc flying cg%racteristics_by balanci g the positive and
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However, it is.quite difficylt for these conyentiqgnal negative- pressuyre
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One reason why these problems occur in the conventional
negative-pressure sliders 1s that 1t is difficult for thesg
conventional sliders to conduct a precise pressure compensation
near their trailing edge. Namely, according to the former
slider, since a region for producing the negative pressure 1is
positioned near the leading edge, it 1s impossible to preclsely
compensate the pressure force near the tralling edge. Also,
according to the latter slider, since a region for producing
the negative pressure is positioned near the center of the
slider as shown in Fig. 8 of this reference, 1t is impossible
to compensate_the pressure force near the trailing edge. The
TPC slider is also impossible to compenséte enough the pressure
near the trailing edge.

A slider described in U.S. Pat. No.5,267,109 has a region
for producing the negative pressure near the trailing edge.
Since this slider obtains the negative pressure by forming
recessed reliefs in the two rails at positions adjacent their
trailing edges, no magnetic head transducer can be made on the
trailing end faces of these rails. Thus, the slider in this

patent has to have a third rail for forming a magnetic head



3 of the disk. Furthernore, although each of these conventional

“negative-pressure sliders can attain a desired constant flying height at a
specific position of the slider, a large roll of the slider nay be occurred
and thus uniformflying height over the whole air bearing surface cannot be

expected. One reason why these propl ems otcur jn.the _conventional
negat i ve- prddFaicsy figar jthe h’g'fajrlcilf% eflgs jofy the (ﬁljt‘ﬂ’é's@tboﬁlﬁ‘erﬁ‘?lbﬁ%'f
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this refer%r%cei,tsi ttziefiii gos(;s'glg(la’e resulting that it is quite difficult to
increase rigidity of passing air stream so as to obtain stable

flying characteristics except that the HDD is operating at a

specific condition.

SUMMARY OF THE INVENTION

It is therefore an object of the present 1nyention to
provide a flying magnetic head slider which can maintain a
stable constant flying height.

Another object of the present 1n§ention is to provide a
flying magnetic head slider which can be designed with a very
large degree of freedom.

Still another object of the present invention is to
provide a flying magnetic head slider with a large tolerance
for manufacturing. | |

According to the present invention, a flying magnetic head
slider with leading and trailing edges and side edges is
provided. The slider includes a plurality of rails extending
along the side edges from the leading edge to the trailing
edge. At least one of the rails includes a first narrow

portion with a narrower rail width, located at a position near



to conpensate the pressure force near the trailing edge. The TPC slider is
al so inpossible to conpensate enough the pressure near the trailing edge. A
slidér described in U S Pat. No.5,267,109 has a region for producing the
negative pressure near the trailing edge._ Since this slider obtains the
negative pressure by formng recessed rePiefs in the two rails at positions
adj acent t F& Leading Lagge £t sy ang sarond MEFTON PoT tIan el tace on
the trailing end faces of these rails. Thus, the slider in this patent has

to have a PRI BT BT la Wit ilodsded at 4 pomiddereapart fiem
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pressure force balanced with the negative pressure force produced by the

recessed rgppgﬁs}ongitudinal length of the slider, and a widening portion
located between the at least one second narrow portion and the
trailing edge, partially having a rail width increasing from
the narrower rail width of the second narrow portion.

The first narrow portion provides a first negative-
pressure production area near the leading edge by relaxing the
passing air stream which was once compressed at the leading
edge portions, as well as done in the conventional negative-
pressure slider. By balancing the negative-pressure force
produced at this first negative-pressure production area with
the positive-pressure force produced by the rails, stable
flying characteristics with a low dependency upon the relative
speed with respect to the disk surface and a high rigidity of
passing air stream can be obtained.

The second narrow portion provides a second negative;
pressure production area at a position apart from the leading
edge by a distance with a ratio of 0.6 to 0.9 to a whole
longitudinal length of the slider, and thus skew angle in-the
HDD can be precisely compensated.

According to the present invention, thanks for functions

of both the first and second negative-pressure production

areas, extremely stable flying characteristics can be obtained.



at its trailing edge, resulting that it is quite difficult to increase
rigidity of passing air streamso as to obtain stable flying
characteristics except that the HDD is operating at a specific condition.
SUMMARY OF THE I NVENTION It is therefore an object of the present invention

to provide flying magneti.c head sli der ®hich can maintain a stable
const ant f Iss'r“&fyﬁéﬁgegﬁﬁ %emW&-Pmsg&reoPrﬂ@%i@emr%%m &¢ ipravdded
provide a flying magnetic head slider which can be designed with a very

| ar ge degr@@ﬁgf%ﬁi Betige raidnidsh st eesiddonse @ invention is

to provide a flying magnetic head slider with a |l arge tolerance for
nangfacturpﬁﬁ.é&ﬁﬁ&%ﬁ%ﬁ;qﬁgipﬁewﬁﬁé§@ﬁtmPﬂJﬁﬂFPéhP posifiion ofgdde ¢ head

slider with leading and trailing edges and_side edges is provided. The

slider inclPggdetdcytiapsduces; elemedte onethen§1ddsky the slddexdgasn ieom

the Ieadingegq%%e%pw&Q% BT%QQQ”Qarge degree of freedom. Furthermore, the
slider according to the present invention has a large tolerance
of size in comparison with the conventional TPC slider, and
thus manufacturing précesses will become extremely easy.

The at least one rall may include only one or a plurality
of the second narrow portions. In the latter case, more stable
flying characteristics can be obtained.

The second narrow portion may be constituted by depressing
an inner side edge and/or  an outer side edge of the rail.

The slider may have a plurality of rails, and the
plurality of rails may be connected by a cross rail formed near
the leading edge on the slider.

Further objects and advantages of the present invention
will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a bottom view showing an air bearing surface
constitution of a preferred embodiment of a flying magnetic

head slider according to the present invention;



edge. At least one of the rails includes a first narrow portion with a
narrower rail wdth, |ocated at a position near 5 the | eadi ng edge, at
| east one second narrow portion with a partially narrower rail w dth,

| ocated at a position apart fromthe Ieaﬂing edge by a distance with a
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Fig. 4 is a bottom view showing an air bearing surface
constitution of a modification of the slider shown in Fig. 1;

Fig. 5§ is a graph showing flying height characteristics of
the slider shown in Fig. 1 mounted on a HDD, wherein a relative
position of the second narrow portions from the leading edge of
the slider are used as a parameter;

Fig. 6 is a graph showing flying height variations
characteristics of the slider shown in Fig. 1 and of the
conventional slider;

Fig. 7 is a graph showing flying height characteristics of
the slider shown in Fig. 1 depending upon rail widths near the
trailing edge;

Fig. 8 is a bottom view showing an ailr bearing surface
constitution of an another embodiment of a flying magnetic head
slider according to the present invention;

Fig. 9 is a bottom view showing an air bearing surface
constitution of a further embodiment of a flying magnetic head
slider according to the present invention;

Filg. 10 is a bottom view showing an air bearing surface

_ constitution of a still further embodiment of a flying magnetic

head slider according to the present invention; and



produced at this first negative-pressure production area with the
positive-pressure force produced by the rails, stable flying
characteristics with a | ow dependency upon the relative speed with respect
to the disk surface and a high rigidity gf passing air streamcan be

obt ai ned. Th d ' ' . tikve-

proﬂ{m on a?egfig?alEZ‘é%?%”o 85 5aR: VRPBnP PR P ArnG BABSabIiE AREEARSe
with a rati .6.to 0.9 t le | it udi nal, | t f th i der,
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the present igvention éhanks fgr functiggz of ?gth the first and second
negat i ve- pPLidEFe2GFBHAARELKOa B s PEEREPENERYCBELBR e 1 ying characteristics
can bg gbtained. 6 Since these negative-pressure production areas can be
provi de

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 shows an air bearing surface (ABS) configuration of
a preferred embodiment of a flying magnetic head slider
according to the present invention.

In the figure, reference numeral 10 denotes a leading edge
{(air-intake side edge) of the flying head slider, 11 denotes a
trailing edge (air-outlet side edge) of the slider, and 12 and
13 denote two rails extending along side edges of the slider
from the leading edge 10 to the trailing edge 11, respectively.
In operation, these rails 12 and 13 will fly above the disk
surface so that these rails 12 and 13 face the outward and
inward positions of the disk, respectively. As indicated by
12a and 13a in the figure, the leading edge portions of the
rails 12 and 13 are chamfered. In other words, the ralls in a
predetermined length region "a" from the leading edge 10 are
formed as the tapered portions 12a and 13a.

The rails 12 and 13 in a region b with a predetermined
length are formed in wide as well as that in the region "a".
Namely, the rails 12 and 13 have a wide width over the region
"a" {(region for the chamfers i2a and 13a) and the region "b".

In the next region "c¢", the rails 12 and 13 have first narrow



only by adjusting rail width at positions within a predeterm ned region
w t hout nodifying a position of the nagnetic transducer elenent on the
slider, the slider can be designed with a very |arge degree of freedom
Furthernore, the slider according to the_present invention has a |arge
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conventional negative-pressure slider. By balancing the
negative-pressure force produced at this first negative-
pressure production area with the positive-pressure force
produced by the rails, stable flying characteristics with a low
dependency upon the relative speed with respect to the disk
surface and a high rigidity of passing air stream can be
obtained.
The rail width is gradually increased in the next region
"d", and thus the railc 12 and 13 have second narrow portions
12e and 13e with a narrower rail width in the subsequent region
"e". In this embodiment, these second narrow portions 12e and
13e are formed at a position apart from the leading edge 10 by
a distance of a slider length ratio of cbout 0.7. The slider
length ratio represents, in this specification, a ratio of the
distance from the leading edge to a whole longitudinal length
of the slider. These second narrow portions 12e and 13e
provide a second negative-pressure production area at these
positions, and thus skew angle in the HDD can be precisely
compensated.

In the next region "f" up to the trailing end 11, the rail



acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a bottom
view showing an air bearing surface constitution of a preferred enbodi ment
of a'flying nagnetic head slider according to the present invention; 7
Fig. 2 is a three dinensional view of a pressure distribution of the slider

shown in Fig., . 1, Fig. 3is two di nensi‘ohal view of the pressure
distributiggd8# gﬁeggpFﬁéﬁ &% 1y o éprf;W¢ﬂ§P14gi905t589§0n1vgeM/sﬂomﬁng
an air bearin urface cgonstitution_of a nodification of the slider shown
‘n Fig 1 Fig. A8 s8eR dPaNilEsndui ther rAG REFEAF BREFACPS 126 @ndoldche

slider sho in.Fig. .1 unted on a HDD, wherein a relative position of the
second narﬁg tﬁéﬁtgwhedgﬁﬁﬁﬁtﬁgelé&ﬁ@ﬁ& b¥gdepressing the inner side

edges of the rails 12 and 13, whereas the second narrow
portions 12e and 13e are formed by depressing the inner side
edge of the rail 12 and the outer side edge of the rail 13
(side edges of both the rails 12 and 13 toward the disk center
in operation).

The depth of the first and second negative-pressure
production areas will be adequately determined within a range
of 1 to 10 zm so as to obtain an optimum negative pressure
value.

Figs. 2 and 3 illustrate a pressure distribution of the
slider shown in Fig. 1. In Fig. 2 which is a three dimensional
pressure distribution, the axis of abscissas indicates a
distance from the leading edge (slider length ratio), the axis
of ordinates indicates a distance from one side edge of the
slider (slider width ratio), and the third axis indicates a
relative pressure. The slider width ratio represents, in this
specification, a ratio of the distance from the one side edge
of the slider to a whole lateral width of the slider. In Fig.
3 which is a two dimensional pressure distribution viewed from
a lateral side of the slider, the axis of abscissas indicates a
distance from the leading edge (slider length ratio), and the

axis of ordinates indicates a relative pressure.



the slider-are used as a paraneter; Fig. 6 is a graph show ng flying height
vari ations characteristics of the slider shown in Fig. 1 and of the
conventional slider; Fig. 7 is a graph show ng flying height
characteristics of the slider showm in Fig. 1 depending upon rail wdths
near the trailing ed g Fig. 8 is a bott vi ew showi ng an air _bearing
surface constitA€i B éfb&naQRGFREF ErpBdithese SFgHrFFylH@rﬁﬁﬁﬁéPFéyhgﬁﬁm

sl i der accordlng to the present invention; Fig. 9 is a bottom view show ng
an air beaFifig urF&Gen6§ﬁ§€VFuPFG§SHFeaiﬁuPFﬁéﬂcéﬁbﬁﬂ|ﬁ@ﬂtsﬁPaEaFP9lng
magneti c head slider according to the present invention; Fig. 10 is a

bot t om vi eRC8hENPRE 9B %he Beading §95Pa§édéoﬁ§P|?u@?ﬁﬁaﬁ?ea°§tﬁlFlﬂGPFher

enbodi ment of a flying nagnetic head slider according to the present
i nventi on; lgpgth ratio of about 0.3) and the trailing edge side (at a

distance of a slider length ratio of about 0.7-0.8).

In the embodiment shown in Fig. 1, the second narrow
portions 12e and 13e are formed at a position with the distance
of a slider length ratio of about 0.7. However, these second
narrow portions of the flying slider according to the present
invention may be formed at positions shifted along the side
edges of the slider as shown by broken lines in Fig. 4. The
positions of these second narrow portions will be determined
within a certain range to obtain desired flying
characteristics, as will be described in detail hereinafter.

Fig. 5 shows flying height characteristics of the slider
of this embodiment mounted on a HDD, wherein a relative
position (slider length ratio) of the second narrow portions
from the leading edge of the slider are used as a parameter.

In this figure, the axis of abscissas indicates a slider
position in the radius direction of the disk {(distance from the
disk center) and the axis of ordinates indicates a flying
height of the slider. Fig. 6 shows flying height variations
characteristics of the slider of this embodiment and of the
conventional slider. In this figure, the axis of abscissas

indicates a relative position of the second narrow portions



8 Fig. 11 is a bottom view showing an air bearing surface constitution of
an another enbodi nent of a flying nagnetic head slider according to the
present invention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Fig. 1 shows an
air bearing surface (ABS) configuration.of a preferred enbodi nent of a

1
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| eading edge p9£§i8?i1°£et28parent from Fig. 6, the second narrow
portions provided at an adequate position of the respective
rails can result stable flying characteristics with a very
lower flying height variations than that in the conventional
slider. If the second narrow portions is located at a position
apart from the leading edge by a distance shorter than a slider
length ratio of 0.6 or a distance longer than a slider length
ratio of 0.9, good flying characteristics cannot be expected.
Namely, if the distance between the second narrow portions and
the leading edge i1s shorter than a slider length ratio of 0.6,
the negative pressure force caused by the second narrow
portions will be absorbed in the negative pressure force caused
by the first narrow portions. Thus, these second narrow
portions will not contribute for controlling the flying height
at the trailing edge of the slider. Contrary to this, 1f the
distance between the second narrow portions and the leading
edge is longer than a slider length ratio of 0.9, . the flying
characteristics will be greatly deteriorated. This 1s because
since the second narrow portions close to the trailing edge,
enough flying height will not be obtained when the slider

locates at the inner position of the rotating disk. As a



rails 12 and 13 are chanfered. In other words, the rails in a predeternined
| ength region "a" fromthe | eading edge 10 are fornmed as the tapered
portions 12a and 13a. The rails 12 and 13 in a region b with a
predeterm ned length are formed in wwde as well as that in the region "a".

Narely, the rajls 12 and 13 h i de 'wi dt h th i o, "a” |
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of this embodiment depending upon rail widths near the trailing
edge {(in the region e shown in Fig. 1).

In this figure, the axis of abscissas indicates a slider
poslition In the radius direction of the disk (diétance from the
disk center) and the axis of ordinates indicates a flying
height of the siider. Also, (A) of Fig. 7 represents flying
height characteristics of a slider with a rail width widened
again near the trailing edge of the slider from the narrower
rail width at the second narrow portions, and (B) of Fig. 7
represents flying height characteristics of a slider with a
rail width not widened at the trailing edge of the slider from
the rail width at the second narrow portions (a slider with the
same rail width at the trailing edge as that at the second
narrow portions).

As wiil be apparent from these characteristics, the flying
height of the slider with the widening portions having an
increased rail width at the trailing edge as that of the
present invention relatively slowly varies with respect to the .
slider position changes in the disk radius direction, but the
flying height of the slider with the narrow rail width at the

trailing edge abruptly changes, especially when the slider



negati ve-pressure force produced at this first negative- pressure
production area with the positive-pressure force produced by the rails,
stable flying characteristics with a | ow dependency upon the rel ative speed
with respect to the disk surface and a high rigidity of passing air stream
can be obtained. The rail width is graduégly I ncreased in the next region
"d", and t ARPReRCheS | €O 1the @ik eentex conmeilngr they pbldennto Baveny 13e
with a narrower rail width in the subsequent region "e". In this

enbodi ment ,1arge dksRerRiomrobvERe rfivhee dpeight. 13B0eref g nelt als a
position apart fromthe | eading edge 10 by a distance of a slider length
rati o of abggessary THat aticleash@ne ref  the frtkeas the twidening
specification, a ratio of the distance fromthe |eading edge to a whol e
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provi de a second negative-pressure production area at these positions, and
t hus skew #Fe TreW HhqRREeVeR ALl vkith ahpEhe feeend narrow

portions.

Fig. 8 shows an ABS configuration of an another embodiment
of a flying magnetic head slider according to the present
invention.

In the figure, reference numeral 80 denotes a legding edge
(air-intake side edge) of the flying head slider, 81 denotes a
trailing edge (air-outlet side edge) of the slider, and 82 and
83 denote two rails extending along side edges of the slider
from the leading edge 80 to the trailing edge 81, respectively.
Also, reference numeral 82a and 83a denote tapered portions
formed near the leading edge 80 of the rails 82 and 83, 82c¢ and
83c denote first narrow portions of the rails 82 and 83, and
82e and 83e denote second narrow portions of the rails 82 and
83, respectively.

As well as the first narrow portions 12c¢ and 13c in the
embodiment of Fig. 1, the first narrow portions 82c¢ and 83c in-
this embodiment are formed by depressing the inner side edges
of the rails 82 and 83. The second narrow portions 82e and 83e
are formed by depressing the inner side edge of the rail 82 and

the outer side edge of the rail 83 (side edges of both the rail



In the next region "f" up to the trailing end 11, the rail 10 width is

I ncreased again to formw dening portions. As seen in Fig. 1, the first
narrow portions 12c and 13c in this enbodi ment are fornmed by depressing the
i nner si de edges of the rails 12 and 13,5 whereas the second narrow portions
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of the rail 83 near the trailing edge is narrowed in comparison
with that in the embodiment of Fig. 1.

Another structures, functions and advantages therefrom are
the same as these of the embodiment shown in Fig. 1.

Fig. 9 shows an ABS configuration of a further embodiment
of a flying magnetic head slider accordiné to the present
invention.

In the figure, reference numeral 90 denotes a leading edge
(air-intake side edge) of the flying head slider, 91 denotes a
trailing edge (alr-outlet side edge) of the slider, 892 and 93
denote two rails extending along side edges of the slider from
the leading edge 90 to the trailing edge 91, and 94 denotes a
cross rall located at the leading edge of the rails 92 and 93
to connect them together, respectively. Also, reference
numeral 92a and 93a denote tapered portions formed near the
leading edge 90 of the cross rail 94, 92c and 93c denote first
narrow portions of the rails 92 and 93, and 92e and 93e denote
second narrow portions of the rails 92 and 93, respectively.

As well as the first narrow portions 12c and 13c in the
embodiment of Fig. 1, the first narrow portions 92c and 93c in
this embodiment are formed by depressing the inner side edges

of the rails 92 and 93. The second narrow portions 92e and 93e



slider shown in Fig. 1. In Fig. 2 which is a three di nensional pressure
distribution, the axis of abscissas indicates a distance fromthe |eading
edge (slider length ratio), the axis of ordinates indicates a distance from
one side edge of the slider (slider wd ratio), and the third axis

i ndicates a relative pressure. The slidéer width ratio represents, in this
speci fi cat?on, farred BY oflePresgingahhe ¥$%m¥t%%d®n%d%¢d%PéH@@ prilh82sppder
to a whole lateral width of the slider. In Fig. 3 which is a two

di mensi onafh¢reuter estdet et Phnthe el f 93l sldatedees spHbotht Bhes| i der,
the axis of abscissas_indicates a distance fromthe | eading edge (slider
length rat¥@}1s 93 am@ 9i toward, thedisk | erpter ckn operation) prekBythis
11 As will be apparent fromthese figures, particularLg fromFig. 3, the
negative % ment, pf ofilEat Resatbvecpressere production area 1is

effectively formed by the first narrow portions 92a and 93a and
by the cross rail 94. This first negative-pressure production
area and a second negative-pressure production area formed by
the second narrow portions 92e and 93e can provide more stable
flying attitude.

Another structures, functions and advantages therefrom are
the same as these of the embodiment shown in Fig. 1.

Fig. 10 shows an ABS configuration of a still further
embodiment of a flying magnetic head slider according to the
present invention.

In the figure, reference numeral 100 denotes a leading
edge (air-intake side edge) of the flying head slider, 101
denotes a trailing edge (air-outlet side edge) of the slider,
and 102 and 103 denote two rails -extending along side edges of
the slider from the leading edge 100 to the trailing edge 101,
respectively. Also, reference numeral 102a and 103a denote
tapered portions formed near the leading edge 100 of the rails
102 and 103, 102c and 103c denote first narrow portions of the
rails 102 and 103, and 102e and 103e denote second narrow
portions of the rails 102 and 103, respectively.

As well as the first narrow portions 12c and 13c in the



positions on the | eading edge side (at a distance of a slider length ratio
of about 0.3) and the trailing edge side (at a distance of a slider

ratio of about 0.7-0.8). In the enbodi nent shown in Fig. 1, the second
narrow portions 12e and 13e are forned at_a position with the distance of
slider length ratio of about 0.7. However, these second narrow portions of
the flyinge@bogdmentc &fdiFdEt d + s lddstt Banrat Pox thonsyd %%5 A 403c
positions shifted al gng the side edges of the slider as_shown by broken

lines in Filg thisremboddment,arng fiormed by sepressiag e ilgnernigidge
determned within a certain raqﬁg t o, obtain Efsired flégp characteristics,
as will be &8s Hedhen rddils 10AnhdiG3r . They sesond, rg'PgV'l ROt

characteristics of the slider

a rel ati ve 198 &ngh 103 agie [farqead byt [deprossing $deodanexr sdie sdgashof
fromthe | eading edge of the slider are used as a paraneter.  In this
figure, thdbgxiréids 39 and,d0%{the sdde gaggeofpdle; vad Y 402 Fawadid the

direction of the disk (distance fromthe

disk center in operation and the opposite side edge of the rail

103).

Another structures, functions and advantages therefrom are

the same as these of the embodiment shown in Fig. 1.

Fig. 11 shows an ABS configuration of an another
embodiment of a flying magnetic head slider according to the
present invention.

In the figure, reference numeral 110 denotes a leading
edge (air-intake side edge) of the flying head slider, 111
denotes a trailing edge (air-outlet side edge) of the slider,
and 112 and.113 denote two rails extending along side edges of
the slider from the leading edge 110 to the trailing edge 111,
respectively. Also, reference numeral 112a and 113a denote
tapered portions formed near the leading edge 110 of the rails
112 and 113, 112c¢ and 113c denote first narrow portions of the
rails 112 and 113, and 112e and 113e denote second narrow
portions of the rails 112 and 113, respectively.

As well as the first narrow portions 12c and 13c in the
embodiment of Fig. 1, the first narrow portions 112c and 113c

in this embodiment are formed by depressing the inner side

| ength

of this enbodi ment nounted on a HDD, wherein

a



di sk center) and the axis of ordinates indicates a flying height of the

slider. Fig. 6 shows flying height variations characteristics of the slider

of this enbodi nent and of the conventional slider. In this figure, the axis

of abscissas indicates a relative positias of the second narrow portions

12 (slider length ratio) and the axis of ordinates indicates a flying

hei ght di spR4&¢®nOHf t‘tlﬁef%HﬂeHZWrmuse'%hma%e%nmbm@vmw&wgi%s

hei ght di spersion of nmfor designing rails to obtain a flying height of

60 nm As wife@ndpbldenire  bermed by depressiauhdthrrimenoridenedgesvofied

at an adequate position of the respective rails can result stable flfing
$

charact eri stiestat1$ L2254 | bl rand \they oetemiside iedgemof nhe tratls niide

conventional slider, If the second narrow portions is |located at a position
and 113 (both the side edges of the rail 112 and both the side

edges of the rail 113).

Another structures, functions and advantages thereffom are
the same as these of the embodiment shown in Fig. 1.

Many widely different embodiments of the present invention
may be constructed without departing from the spirit and scope
of the present invention. It should be understood that the
pfesent invention is not limited to the specific embodiments

described in the sbecification, except as defined in the

appended claims.



‘apart fromthe | eading edge by a distance shorter than a slider |ength
ratio of 0.6 or a distance |onger than a slider Iengrh‘ratio of -0:-9y—good

flying characteristics cannot be expected. Nanely, nce bet ween
t he second narrom1portions and the | eadygg edge is E Bw . ﬁl ﬂ I der
| ength ratio of t he negatlve pressuie force ¢

narrOM/pofqﬁﬁmslﬁﬁ@LAB@EBbg Fbed in the negative pressure force caused by
the first narromgﬁfrtlons Thus, these second narromufortlons will not

contribut el for AcRI¥ERE; ByeRabic| Dead phider Wwith nleading apd chgaidinghe

slider. Contrary t I.f the dlstance bet ween t he second narrow
portions a"n‘iﬁ??}e"‘i‘éaﬂrﬂﬁ edges ss‘lljo%g%}iq%ni%cjs‘quo‘ég 8 gtratity o°6f 0. 9,

the flying characteristics wll %reatly deterjorated, This_is because
since the %&%ﬁ??@%ﬁoﬁ%‘?%ssﬂ stlde edges (Lron n“ga’ébg]eea%@gﬁ geylfg

hei ght will not be obtained when the slider |ocates at_ the inner 05|t|on
of thelwnﬁﬂ#%g reiling.edge, at least one of sald rails comprising

a Tirst narrow portion with a narrower rail width, located
at a position near said leading edge;

at least one second narrow portion with a partially
narrower rail width, located at a position apart from said
leading edge by a distance with a ratio of 0.6 to 0.9 to a
whole longitudinal length of said slider; and

a widening portion located between said at least one
second narrow portion and said trailing edge, said widening
portion partially having a rail width increasing from the

narrower rail width of said second narrow portion.

Z. The slider as claimed in claim 1, wherein said at least

one rail includes only one of said second narrow portion.

3. The slider as claimed in claim 1, wherein said at least

one rail includes a plurality of said second narrow portions.

4, The slider as claimed in claim 1, whereln said at least
one rail has an inner side edge, and wherein said second narrow

portion is constituted by depressing said inner side edge of

hee* Has Becen Ren laced

i



13 result, it is necessary that the second narrow port+oens arefornmed at a
position apart fromthe | eading edge of the slider a di stance of a
f'ﬂiﬁﬁ

slider length ratio of 0.6 to 0.9. Fig. 7 shows f Mjmmummal .'d )
Il wdths

characteristics of the slider of this eng di ment )

near the trgiling edge (in the region e own in Fig. 1). 'n thi’s figure,
the axi s of thsdtkas indicates a slider position in the radius direction
of the disk (distance fromthe disk center) and the axis of ordinates
indicates a flying height of the slider. Also, (A of Fig. 7 represents
flying height characteristics of a slider with a rail wdth w dened again

near the trdilindedel8r 18 ¢1aimed 1in fiakm by MHIREe I 9230 A 18agthe

second narrow portiqns, and (B) of, Fig._ 7 represents flying height
char act eri Qe Tkl £aF aRouEeh side,edgs giand dthefieldhapld serond Narrep

edge of the slider fromthe rail wdth at the second narrow portions (a
slider witPgflon 1s constituted by depressing said outer side edge of

the rail.

6. The slider as claimed in claim 1, wherein said at least
one rail has inner and outer side edges, and wherein said
second narrow portion is constituted by depressing said inner

and outer side edges of the rail.

7. The slider as claimed in claim 1, wherein said slider has
a plurality of rails, and wherein said plurality of rails are
connected by a cross rail formed near said leading edge on the

slider.

i .heet Has Been Reilaccd

i




sane rail width at the trailing edge as that at the second narrow
portions). As will be apparent fromthese characteristics, the flying

hei ght of the slider with the w dening portions having an increased rai
width at the trailing edge as that of th present invention relatively
slowy varies with respect to the slider &05|t|on changes in the disk

radi us di r SHIBACHNAF t'fﬂﬁ f!}%ﬁ%&{@iﬁgmwméwmmmmmﬂ HERD FADEBW r ai |

width at the trailing edge abp@ftly changes, ecially when the slider
14 approaches t d\ iy g magns dbﬁﬁﬂrﬁg”tfi%rsw Herleading and |trajeling
di spersion of the flying height. Therefore, it is necessary that at |east

one of the 9489s and sife gdgas ingardesd miural My ofiraH Haxtsndingened

toward its trailing edge fromthe narrower rail width at the second narrow
along the side edges from the leading edge to the trailing

edge. At least one of the rails includes a first narrow
portion with a narrower rail width, located at a position near
the leading edge, at least one second narrow portion with a
partially narrower rail width, located at a position apart from
the leading edge by a distance with a ratio of 0.6 to 0.9 to a
whole longitudinal length of the slider, and a widening portion
located between the at least one second narrow portion and the
trailing edge, partially having a rail width increasing from

the narrower rail width of the second narrow portion.



v

portions. Fig. 8 shows an ABS configuration of an another enbodi nent of a
flying magneti c head slider according to the present

figure, reference nunera

80 denotes a | eading edge (air-intake side edge)

i nventi on.

In the

of the flying head slider, 81 denotes a]éﬁfiling edge (air-outlet side
edge) of the slider, and 82 and 83 denot wo rails extending al ong side
“edges of the slider fromthe | eading edge 80 to the trailing edge 81,
respectively. Al so, reference nunmeral 82a and 83a denote tapered portions
formed near the | eading edge 80 of the rails 82 and 83, 82c and 83c denote
first narrow portions of the rails 82 and 83, and 82e and 83e denote second
narrow portions of the rails 82 and .respectively. As well as the first
narrow portions 12c and 13c in the e gf of Fig. 1, the first narrow
portions 82c and 83c in this enbodi ment e forned by depressing the inner
side edges of the rails 82 and 83. The second narrow portions 82e and 83e
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are formed by depressing the inner side edge of the rail 82 and the outer
side edge of the rail 83 (side edges of both the rail 15 82 and 83
toward the disk center in operation). In this enbodi nent, also, a part of
the outer side edge of the rail 82 near the second narrow portion 82e is
depressed and the width of the rail 83 ng the trailing edge is narrowed

I n conparison wth that in the enbodi nent of Fig. 1. Another structures,
functions and advantages therefromare the sane as these of the enbodi nent
shown in Fig. 1. Fig. 9 shows an ABS configuration of a further enbodi nment
of a flying nmagnetic head slider according to the present invention. In the
figure, reference nuneral 90 denotes a | eading edge (air-intake side edge)
of the flying head slider, 91 denotes a
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trailing edge (air-outlet side edge) of the slider, 92 and 93 denote two
rails extendi ng al ong side edges of the slider fromthe | eading edge 90 to
the trailing edge 91, and 94 denotes a cross rail located at the | eading
edge of the rails 92 and 93 to connect themtogether, respectively. Al so,
reference . nuneral 92a and 93a denote tgpgred portions forned near the

| eadi ng edge 90 of the cross rail 94, 92c and 93c denote first narrow
portions of the rails 92 and 93, and 92e and 93e denote second narrow
portions of the rails 92 and 93, respectively. As well as the first narrow
portions 12c and 13c in the enbodinent of Fig. 1, the first narrow portions
92c and 93c i nwgsH g the inher side.
edges of the rails Tons 92e apd 93e 16
are formed by depressi S il 92 angd
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the outer side edge of the rail 93 (side edges of both the rails 92 and 93
toward the disk center in operation). In this enbodinent, a first

negati ve-pressure production area is effectively formed by the first narrow
portions 92a and 93a and by the cross rail 94. This first negative-pressure
production area and a second negative-prgssure production area fornmed by
the second narrow portions 92e and 93e can provide nore stable flying
attitude. Another structures, functions and advantages therefromare the
sane as these of the embodi ment shown in Fig. 1. Fig. 10 shows an ABS

configuration of a still f yi ng magnetic head
slider according to the pre |nvent|o t he flgure ref erence nuneral
100 denotes a | eadi ng edge e ge) qf the flying head
slider, 101 denotes a trailiji edg§ |r- utI t side edge) of the slider,
and 102 and 103 denote two aw t egdin ng sijde edges of the sllder
fromthe | eadi ng edge 100 tqzt e Eﬁalllng edg 101.
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respectively. Also, reference nuneral 102a and 103a denote tapered portions
formed near the | eading edge 100 of the rails 102 and 103, 102c and 103c
denote first narrow portions of the rails 102 and 103, and 102e and 103e
denote second narrow portions of the rails 102 and 103, respectively. As
well as the first narrow portions 12c a§¢8130 in the 17 enbodi nent of
Fig. 1, the first narrow portions 102c and 103c in this enbodi nent are
formed by depressing the inner side edges of the rails 102 and 103. The
second narrow portions 102e and 103e are fornmed by depressing the inner

si de edges of the rails 102 and 103 (the side edge of the rail 2 toward
the disk center in operation and the opposite side edge of the il 103).

Anot her structures, functions and advantages therefrom are EE
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the same as these of the enbodi ment shown in Fig. 1. Fig. 11 shows an ABS
configuration of an another enbodi nent of a flying magnetic head slider
according to the present invention. In the figure, reference nuneral 110
denotes a | eading edge (air-intake side edge) of the flying head slider,
111 denotes a trailing edge (air-outlet6§%de edge) of the slider, and 112
and 113 denote two rails extending along’side edges of the slider fromthe
| eadi ng edge 110 to the trailing edge 111, respectively. Al so, reference
nuneral 112a and 113a denote tapered portions fornmed near the | eading edge
110 of the rails 112 and 113, 112c and 113c denote first narrow portions of
the rails 112 and 113, and 112e and 113e denote second narrow portions of
the rails 112 and 113, respectively. As well as the first narrow portions

12c and 13c in the enbodi nent of Fig. gt narrow portions 112c and
113c in this e arle formed by glepf essing|the inner jspdle
’ 4O
1)
Q
1w

(B)
(A)

(A) WIDENED AT TRAILING EDGE
20 22
SLIDER POSITION IN DISK RADIUS DIRECTION (mm)

(B) NOT WIDENED AT TRAILING EDGE

Fig. 7

t 1 i A 1 L S
'g] 79 O Tp;
1 Q © 3 0 B <

FLYING HEIGHT (nm}



edges of the rails 112 and 113. The second narrow portions 112e and 113e
are formed by depressing the inner side edges of the rails 112 and 113 and
the outer side edges of the rails 112 and 113 (both the side edges of the
rail 112 and both the side edges of the rail 113). Another structures,
functions and advantages therefromare ghge sane as these of the enbodi nent
shown in Fig. 1. Many widely different enbodi nents of the present invention
may be constructed w thout departing fromthe spirit and scope of the
present invention. It should be understood that the present invention is
not limted to the specific enbodi nents described in the specification,
except as defined in the appended cl ai ns.
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19 WHAT IS CLAIMED I S: 1. A flying magnetic head slider with | eading and
trailing edges and side edges, said slider including a plurality of rails
extendi ng al ong said side edges fromsaid | eading edge to said trailing
edge, at |l east one of said rails conprising: a first narrow portion with a
narrower rail width, |ocated at a positg8/@ near said | eading edge; only one
second narrow portion with a partially narrower rail width, |located at a
position apart fromsaid | eading edge by a distance with a ratio of 0.6 to
0.9 to a whole longitudinal length of said slider; and a w dening portion

| ocat ed between said second narrow portion and said trailing edge, said

w dening portion partially having a rail width increasing fromthe narrower
rail width of said second narrow por==Qn. 2. A flying nmagnetic head
slider with | eading and trailing ed ﬁgp?@m edges, said slider
including a plurality of rails extendi along said side edges fromsaid

| eading edge to said trailing edge, at |east one of said rails conprising:
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a first narrow portion with a narrower rail width, located at a position

near, sai d qu@ag—eeﬁgmml : lity of second narrow portions each having a
partially nan S%AC i ”r,i | ocated at a position apart from said

| eadi ng edge 'Stance with a ratio of 0.6 to 0.9

| ongi t udi nal Iﬁngél@r{\gg q@;.&d | ider; and a wi dening pon“Hﬁ"mﬂ“Eu |H“l ween
one of said secon r\F ow pontijons and said trailing etigef dai & wfdehi ng
portion partigl i il} width indPeasing fromthe narrower rail

wi dt h of sai d{ second narrow porition. 20 3. The slider as clainmed in
claim1l1 or 2,*whereirn said at |east one rail has an inner side edge, and

wherein said second narrow portion is constituted by depressing said inner
si de edge I .The slider as clained in claiml or 2, wherein
said at | e‘gbr&[(h)ﬁ% %Mégsl%n outer side edge, and wherein said second
narrow porg,i on A flyéRgshhgHead Headlsndes Wity léadmgw,hartr&ilﬁ@g edges ind kede

rail.

L9}

edges, said slider including a plurality of rails extending along said side
edges from said leading edge to said trailing edge, at least one of said rails
comprising:

a first narrow portion with a narrower rail width, located at a position
near said leading edge;

only one second narrow portion with a partially narrower rail width,
located at a position apart from said leading edge by a distance with a ratio
of 0.6 to 0.9 to a whole longitudinal length of said slider; and

a widening portion located between said second narrow portion and
said trailing edge, said widening portion partially having a rail width

increasing from the narrower rail width of said second narrow portion.

2. A flying magnetic head slider with leading and trailing edges and side
edges, said slider including a plurality of rails extending along said side
edges from said leading edge to said trailing edge, at least one of said rails
comprising:

U a first narrow portion with a narrower rail width, located at a position
near said leading edge;

a phurality of second narrow portions each having a partially narrower
rail width, located at a position apart from said leading edge by a distance
with a ratio of 0.6 to 0.9 to a whole longitudinal leﬁgth of said slider; and

a widening portion located between one of said second narrow portions
and said trailing edge, se~ud widening portion partially having a rail width

increasing from the narrower rail width of said second narrow portion.
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5. Fhe slider as claimed in claiml or 2, wherein said at |east one rail
has .rnner and outer side edges, and wherein said second narrow portion is
constituted by depressing said inner and outer side edges of therail. 6.

The slider as clained in claim 1 or 2, wherein said ag rality
of rails, and wherein said plurality of rails are colri ml Hﬂcﬂ Fs rail
formed near said | eading edge on the sl i2d(<)ar. L M s a

3. The slider as claimed in claim 1 or 2, wherein said at least one rail has
an inner side edge, and wherein said second narfow portion is constituted

by depressing said inner side edge of the rail.

4, The slider as claimed in claim 1 or 2, wherein said at least one rail has
an outer side edge, and wherein said second narrow portion is constituted

by depressing said outer side edge of the rail.

(7
S. The slider as claimed in claim 1 or 2, wherein said at least one rail has
inner and outer side edges, and wherein said second narrow portion is
constituted by depressing said inner and outer side edges of the rail.
6. The slider as claimed in claim 1 or 2, wherein said slider has a
plurality of rails, and wherein said plurality of rails are connected by a cross
rail formed near said leading edge on the slider.
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