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present invention relates to disc drive storage systens and, nore
particularly, to a positive pressure slider having trailing end side
pads for slow di sc speed and hi gh fdi3x ng hei ght applications, such as
5 optical disc drive storage systens. In optical disc drive

storage systens, dataPROSITIVE PRESSURE tqpsfmniszgnzn HMIINGam ont o t he
data surface of a rigid ﬁgggﬁﬂedﬁﬁﬁc%kﬂg gt reflected from or

transmtted through the data sUr eral ata 10 is stored in the
form of physical or magneti BAGK surface of the disc

which are detected The present invention relates to disc drive
storage systems and, more particularly, to a positive
preésure slider having trailing end side pads for slow
disc speed and high flying height applications, such as
5 optical disc drive storage systems.

In optical disc drive storage systems, data is
accessed by focusing a laser beam onto the data surface
of a rigid disc and detecting light reflected from or
transmitted through the data surface. In general, data

10 is stored in the form of physical or magnetic marks
carried on the surface of the disc which are detected
using the reflected laser light. There are a number of
different optical disc technologies which are known in
the industry. For example, CD-ROMs are currently used

15 to store digital data such as computer programs or
digitized music. Typically, CD-ROMs are permanently
recorded during manufacture. 2another type of optical
system is write—once read-many (WORM) systems in which
a user may permanently write information onto a blank

20 disc. It is also desirable to provide a system which is
erasable, such as phase change and magneto—optic (M-0)
systems. Phase change systems detect data by sensing a
change in reflectivity. M-0 systems detect data by
measuring the <rotation of the incident 1light

25 polarization due to the magnetic orientation of the
storage medium.

High density optical recording, particularly
near-field recording (i.e., M-0 or phase change
systems), typically requires an optical head gimbal

30 assembly (OHGA) having a slider for carrying an optical
element over the data surface of the optical media.
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information onto the disc surface, the disc surface is
optically heated. With M-O media, for example, the-
laser beam is directed through an optical aperture in
.10 the slider, which heats the disc surface to a point
above the Curie temperature of the medium. A magnetic
coil carried on the slider is energized and the laser is
turned off. As the medium cools below the Curie
temperature, the heated spot is left with a desired
. 15 magnetic orientation. -

An actuator mechanism moves the slider from
track to track across the surface of the disc under the
control of electronic circuitry. The actuator mechanism
includes a track accessing arm and a suspension for each

20 optical head gimbal assembly.  The suspension includes
a load beam and a gimbal. The load beam provides a
preload force which forces the slider toward the disc
surface. The gimbal is positioned between the slider
and the load beam to provide a resilient connection that

25 allows the slider to pitch and roll while following the
topography of the disc. The slider has an air bearing
"surface which faces the disc surface.

There are generally two types of sliders used
in the disc drive industry, positive pressure air

30 Dbearing (PPAB) sliders and self-loading or "negative
pressure" air bearing (NPAB) sliders. An NPAB slider
typically has a pair of rails extending along the sides
of the bearing, with a cavity dam or cross bar extending
between the rails near the leading end of the slider.
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-2- U S Patent No. 5,497,359, issued March 5, 1996, entitled
" OPTI CAL Bi"s@’“’gRTA STORAGE SYSTEM W TH RADI ATI ON- PRARSS _
Al R- BEARI NG SLI DER' shows an exanple of a slider for use with an
optical disc drive 5 storage system In order to wite
a mgnetic bit of informati on opBe the disc surface, the disc
surface is optically heated. Wth MO nedia, for exanple, the .

| aser beam i s As riged elisdmoigitesy) afie calrfyes tof eche diksc tdwags iaty, which
modi am A moaRE Yife 'Sy din v iBRMRs) BRIPLICR, AR e
| aser is Rassesl over thas caeihpdidam.cothe kdirovexpandsriiato a
tenperature, WgyiR3iehetiiBen Enbofdils! R PForsl a partial vacuum
5 in the cavity. The partial vacuum draws the slider
closer to the disc surface and counteracts positive
pressure developed along the rails. The cavity is open
to atmospheric pressure at the trailing end of the
slider, and may alsc include a center rail or an island
10 at the trailing end of the slider to mount a single
recording head. NPAB surfaces have many advantages,
such as reduced take off and landing velocity during
spindle start up and shut down, high bearing stiffness-
and lower sensitivity of flying height to changes in
15 altitude and velocity, as compared to PPAB sliders
having no cavity dam.
However, NPAB sliders are seldom used in ramp
*load-unload*® drive applications because of their high
suction force. In these applications, the slider is
20 unloaded from the disc surface by rotating the actuator
mechanism until the suspension engages a ramp which
lifts the suspension and thus the slider from the disc
surface. The high suction force prevents an NPAB slider
from following the suspension as the suspension rides up
25 on the unloading ramp. The slider remains in close
proximity to the spinning disc, and the ramp elastically
deforms the suspension. The NPAB suction force breaks
only when a significant elastic strain has accumulated
in the suspension. The release of the suction force
30 releases the elastic strain in the suspension and allows
the slider to unload from the disc surface. This cycle
of suction force and strain release occurs very rapidly
relative to the time in which the suspension is in
contact with the unloading ramp. The rapid release of
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Another problem observed with NPAB sliders
during unloading occurs in the event that the unloading -
force exerted by the deformed suspension is too small to

10 overcome the suction force. In this event, the suction
force is broken when the slider is swung over the disc
perimeter, allowing the atmosphere to flow into the
cavity between the side rails with very little
resistance. As the slider passes over the disc

15 perimeter, pressurization between the side rails becomes
unbalanced, causing the slider to roll to one side. As
a result, the slider may contact the disc perimeter when
unloading. Repetition of such contact causes wear on
the slider and generates debris particles.

20 In contrast, PPAB sliders have a low suction
force, making them more applicable for ramp load-unload
drive applications than NPAB sliders. Although the side
rails in a PPAB slider are not connected by a cavity
dam, some air expansion typically occurs as the air is

25 dragged under slider, if the slider has side rails with
wide leading ends that transition to narrow sections
near the middle of the slider. The suction force due to
these expansions is somewhat smaller than that obtained
with the expaﬁsion over a cavity dam in an NPAB slider,

30 which allows PPAB sliders to be used more effectively in
ramp load-unload applications. A commonly encountered
problem in PPAB sliders is that the flying height is
much higher at the disc outer diameter (OD) than at the
disc inner diameter (ID). This can cause a reduction in
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t he cavi t;wgg#ﬁeﬁ viscous friction. As the air passesggz@g%"ﬂgs‘éavi.ty
dam the air expands into a "cavity" between the rails, which forns a
partial vacuum 5 in the cavity. The partial vacuum draws the slider

closer to the disc surface and count er aciss- positive pressure devel oped

along the rails. The cavity is open to atnospheric pressure at the
trailing end othéheoverallsl rdeording rdensity achliededa gnthe rdiscor an
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Elhgggggalrlnn%;&{é%l tude %cﬁ%%’ldoc Y, as co %aﬁ&abﬁ%\gngl? %ggtléo
o 5 particularly true for applications having a low disc
speed and a relatively high flying he:Lght . such as in
optical disc drive storage systems.
[8) ION
The disc head slider of the present invention
10 includes a slider body having a leading slider edge, a
trailing slider edge and a center line extending from
the leading slider edge to the trailing slider edge.
The slider body carries a recording head along the
center line. First and second longitudinal side rails
15 are positioned on the slider body and terminate prior to
the trailing slider edge. A third longitudinal rail is
positioned between the first and second longitudinal
side rails and terminates prior to the head. A first
raised side pad is positioned between the first
20 longitudinal side rail and  the trailing edge and:
rearwvard of the head, relative to the leading slider
edge. A second raised side pad is positioned between
the second longitudinal side rail and the trailing edge
and rearward of the head, relative to the leading slider
25 edge.
BRIEF_DESCRIPTION OF THE DRAWINGS
Figure 1 is a simplified illustration of an
optical recording system employing a slider according to
the present invention.
30 Figure 2 is a plan view of the slider shown in
Figure 1 according to one embodiment of the present
invention.
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wide waist section as in the slider shown in Figure 2.

Figure 5 is a graph comparing the flying
height profiles of the sliders shown in Figures 2 and 4.

Figqure 6 is a plan view of a slider according
to an alternative embodiment of the present invention.

Figure 7 is a plan view of a slider according
to another alternative embodiment of the present
invention.

Figure 8 is a plan view of an optical
recording slider according to another embodiment of the
present invention. '

Figure 9 is a perspective view of the slider
shown in Pigure 8.

Figures 10 and 11 are graphs illustrating the
results of a flying height comparison and a pitch angle
comparison of the slider shown in Figure 6 and the
slider shown in Figures 8 and 9.

Figure 12 is a perspective view of an optical
recording slider according to another alternative
embodiment of the present invention.

LED RIPT F_THE PREF D _EMBODY S

Figure 1 is a simplified illustration of an
optical recording system 10 employing a slider in
accordance with the present invention. System 10
includes optical disc 12 having a data surface which
carries optically encoded information. Disc 12 rotates
about spindle 14 and is driven by a spindle motor 16
which is mounted on base 18. A slider 20 is positioned
proximate disc 12 and is coupled to an actuator 22.
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electrically coupled to apparatus 32, actuator 26 and
data bus 36 and is used for controlling operation of
system 10. | :
During operation, spindle motor 16 rotates
disc 12, and actuator 22 positions slider 20 radially
over the data surface of disc 12. Controller 34

controls the position of slider 20, whereby information

may be read from or written to disc 12 using optical
source/sensor apparatus 32. This information may be
received or transmitted on data bus 36.

Figure 2 is a plan view of slider 20 according
to one embodiment of the present invention. Slider 20
includes leading slider edge 40, trailing slider edge
42, side edges 44 and 46, center line 48, length 49 and
width 51. Length 49 is measured from leading slider
edge 40 to trailing slider edge 42, and width 51 is
measured from side edge 44 to side edge 46. 1In one
embodiment, slider 20 is a *"70-series" slider, in which
length 49 is about 4.00 mm and width 51 is about 2.20
mm. However, in other embodiments, slider 20 can have
other sizes, such as the size of a "50-series” slider in
which length 49 is about 2.00 mm and width 51 is about
1.60 mm or a "30-series" slider in which length 49 is
about 1.25 mm and width 51 is about 1.0 mm.

Slider 20 further includes side rails 50 and
52, center rail 54 and optical head 56. Side rails 50
and 52 are positioned along side edges 44 and 46,
respectively. Side rails 50 and 52 extend from leading
slider edge 40 and terminate prior to trailing slider
edge 42. In the embodiment shown in Figqure 2, side
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reduction in edges of side rails 50 and 52. Side rails 50 and 52 and

center rail 54 form air bearing surfaces 60, 62 and 63,
_ respectively. Optical head 56 is aligned with center
10 line 48 and is positioned between center rail 54 ‘and
trailing slider edge 42.

Slider 20 further includes recessed areas 66
and 68 which extend from leading slider edge 40 to
trailing slider edge 42 and are positioned between

15 center rail 54 and side rails 60 and 62, respectively.
In one embodiment, recessed areas 66 and 68 are recessed
from air bearing surfaces 60 and 62 by approximately
11.5 microns. Other depths can also be used. '

S8ide rails 50 and 52 each include a leading

20 section 70, a leg section 72, a waist section 74, a
trailing section 76, an outside rail edge 90, an inside
rail edge 92 and a trailing rail edge 94. Outside and
inside rail edges 90 and 92 extend parallel to center
line 48 along leading section 70, from leading slider

25 edge 40 to leg section 72. Outside and inside rail
edges 90 and 92 diverge from center line 48 along leg
section 72, from leading section 70 to waist section 74.
Outside and inside rail edges 90 and 92 extend parallel
to center line 48 along waist section 74. Outside rail

30 edge 90 extends parallel to center line 48 along
trailing section 76, while inside rail edge 92 diverges
from center line 48 along trailing section 76. Side
rails 50 and 52 have a minimum rail width 100 at
trailing rail edge 94. The divergence of inside rail
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m cror adi ans. This is 5 particularly true for applications having a | ow
di sc speed and a relatively high flaygsg height, such as in

optical disc drive storage systems SUMVARY OF THE
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cdge and a centBP P?Q?Sﬁ%eﬁ%?%‘go?a% o S1afkal130 1 ol der edge o the |
trailing slider edge. Withhthdbi geonedhy cadkeg csectionsr 2 ngfheddeal ong
the cent ep 5.&9953 Féxf)étsé‘”ﬁg RO LW Eéﬂt@?' 19nde 4l hs they?' €
positioned on t esll er termnate prio
5 extend forward from waist sectz.on 74 to leading section
70. This causes leading sections 70 to have an offset
102 toward center line 48. By offsetting leading
sections 70, the disc tangential velocity intersects the
outside edges of leg sections 72 at an angle when slider
10 20 is positioned at the middle diameter (MDP) of the
disc. This "angled leading rail" configuration results
in a reduction of the flying height at the disc MD,
which improves the recording density on the middle data
tracks. The middle diameter flying height (MDFH) is
15 commonly quantified relative to the inner diameter
flying height (IDFH) and the outer diameter f£flying
height (ODFH) by an *"MD hump" parameter, vwhere:
MD hump = MDFH-[ (IDFH + ODFH)/2}
The MD hump reflects a deviation of the middle
20 diameter £flying height from an ideal straight-line
flying height profile between the inner diameter flying
height and the outer diameter flying height. Reduction
of the MD flying height therefore reduces the MD hump.
Notches 98 formed in side rails 50 and 52
25 counteract an increase in flying height at the disc OD
caused by a higher disc tangential velocity at the disc
OD. Notches 98 narrow the width of rails 50 and 52 to
the minimum width 100 along trailing edge 94. The lift
force on trailing sections 76 is equal to the pressure
30 along the trailing sections times the area of the
trailing sections. By cutting trailing sections 76
along notches 98, the lift force on trailing sections 76
decreases, resulting in a lower flying height at the
disc OD.



the trailing slider edge. Athird longitudinal rail is posi ti oned

between the first and second | ongi tudi nal side rails and term nates
prior to tvootyessde A first rai sed side pad is positiomretnstnesss t he
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section 120. Waist section 118 has transition sections :
5 130 and 132 and a mid portion 133. Lateral rail edges -
110 and 112 extend parallel to center line 48 along
leading section 116 and then diverge from center line 48
along transition section 130 to a maximum rail width 134
at mid portion 133 of waist section 118. Lateral rail

10 edges 110 and 112 extend -parallel to center line 48
along mid portion 133 aﬁd then converge toward center
line 48 along transition section 132. [Lateral rail
edges 110 and 112 extend parallel to center line 48
along trailing section 120.

15 In one embodiment, the maximum width 134 of
center rail 54 is greater than the maximum rail width of
side rails 50 and 52. Maximum width 134 is preferably
located at a position along center line 48 corresponding
to a midpoint along a length 136 of side rails 50 and

20 52. This provides increased lift at the center of the
air bearing surfaces. Also, maximum rail width 134 is
preferably confined to a range along center line 48 that
corresponds to 1/5 and 2/3 of the 1length 136, as
measured from leading slider edge 40.

25 The narrow, rectanqular leading section 116
produces a relatively low suction force at the disc OD
by providing a low air expansion ratio from leading edge
40 to waist section 118, which further improves the ramp
unloading performance of slider 20 at the disc OD. In

30 addition, the wide waist section 118 increases the
flying height at the disc ID while at the same time
reduces the flying height at the disc OD, which results
in a lower ID-to-OD rise. The wide waist section 118
increases the f£lying height at the disc ID by increasing
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- 6- Figure 3 is a corrputer-generat ed sinula f a
pressure p‘P’Bﬁ?’P@"’aevm oped by the slider shown in Fi gu#%”?g%?{”me di sc
OoD. Figure 4 is a plan view of a slider having a 5 center-
rail with a narrow wai st section as opposed to a w de wai st section as
in the slider shown in Figure 2. -11- Figure 5 is a graph
conparing the flying hei ght profiles of the sliders shown in Figures 2
and 4. the nfthayee &evE18p eha@nwrfé/vwafls% 8bc€8bnaCcomgliviFtl0 to
an alternative, enbodi nen g esent I nvent Fi gure 7
is a plan vi eWw s 5‘3“@315 8rd RGLELVe opﬁﬁﬁ’t"ﬁg? PEEr iIY e AFROdi ment

of the presentdevelopeddn whe bearing surfade (tinees the agdaofithe of an
OPL1 SaL 19 o R Belsily YEeeaRRpincho.AIol et sEaRb Y gty
sl i der 5 surface is increased at the waist section, the total
positive pressure developed on the waist section
increases which increases the lift force. A higher 1ift
force results in a higher flying height at the disc ID.
At the disc OD, the wide waist section. 118 of
10 center rail 54 generates higher positive pressure toward
the front of center rail 54, as discussed above.
However, narrowing center rail 54 along transition
section 132 and trailing section 120 creates air
expansion or subambient pressure regions 140 and 142
15 adjacent optical head 56 within recessed areas 66 and -
68. Air expansion within regions 140 and 142 is further
. increased by notches 98 in side rails 50 and 52. This'
results in a higher suction force behind center rail 54
at the disc OD. A high lift force at the front end of
20 center rail 54 lifts the leading portion of slider 20
while a high suction force at the trailing end of center |
rail 54 sucks the trailing portion of slider 20 down
toward the disc surface, which increases the pitch angle
of slider 20 at the disc OD. Since optical head 56 is
25 located behind center rail 54, the flying height at the
disc OD of optical head 56 decreases.
A relatively shallow leading step surface 150
is formed at the leading edge of side rails 50 and 52
and center rail 54. Bach leading step surface 150
30 extends along the leading section of the rail, from
leading slider edge 40 to a substantially vertical face
152. Face 152 extends from leading step surface 150 to
the respective air bearing surface of the rail. Each
leading step surface 150 is recessed from and paraliel



shown in Figure 8. Figures 10 and 11 are graphs illustrating
the 20 results of a flying height conparison and a pitch angle

conpar i sonwer9sse79s| i der shown in Figure 6 and the S| | PETrUSYH195661 N
Figures 8 and 9. Figure 12 is a perspective view of an .
opti cal recording slider according to another alternative 25

enbodi nent of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS Figité 1 is a sinplified illustration

of an optical, recording _system 10 enploying.a slider in . _accprdance
W th the prosehp ChRVETR PRATIAY SHkfRreaora SHbihd peshpt et iof & 1o
havi ng a dat a sirfheeridhgchurfacear 60gs62pandabBy encoded i nformation.:Disc

12 rotates about  spi @g%.ea%\éslfél]agreiﬁ%%ﬂ%é*e@tﬁ@&'&dbf %f%%l;m]{be di sc

whi ch is nounted on base ) 0 1S positione C
12 and .is coupFas tkeafoxmedatly drn milling, chemical etching or

5 Reactive Ion Etching (RIE), for example, with one or
more masking and etching iterations. Forming leading
step surfaces 150 by ion milling, chemical etching or
Reactive Ion Etching reduces the sensitivity of the
slider’s f£flying characteristics +to manufacturing

10 tolerances as compared to similar tapered surfaces which
are typically formed by less accurate lapping processes,

Figure 3 is a graph illustrating a computer-—
generated simulation of the pressure developed on slider
20 at the disc OD. The locations of the side rails and

15 the center rail are represenfed.by'arrows 50, 52 and 54,
respectively. The location of the optical head is
represented by arrow 56. Lines indicating above ambient
pressure are oriented out of the page while lines
indicating below ambient pressure are oriented into the

20 page. At the disc OD, air flow 160 is orientated at an
angle 162 with respect to slider center line 48. As the
air is dragged beneath slider 20, the air compresses
along side rails 50 and 52 and center rail 54, which
develops positive pressure on side rails 50 and 52 and

25 center rail 54. Air expansion in regions 104, 106, 140
and 142 develops areas of subambient pressure.

Figure 4 is a plan view of a slider having a
thin, rectangular center rail, as opposed to a wide
center rail. The same reference numerals are used in

30 PFigure 4 as were used in Figure 2 for the same or
similar elements. Slider 160 has a leading edge 40, a
trailing edge 42, side rails 50 and 52, center rail 162
and optical head 56. Center rail 162 has the same
length as center rail 54 shown in Figure 2 but does not
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-7- Al r 22 includes armature 24 and act uat or
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aperture 30 which is spaced from an opti cal source/sensor apparatus

32. A controller 34 is 5 electri caIIy gupl ed to apparatus 32, actuator 26
and data bus 36 and is used for Tolling operation of system

10. ratl t t '

and act uat or @"?)&l‘”t’idlt?ngaégﬁdﬁ?c bb?ag:lgﬁ%}beqv t%(r)vgeqrgl% geg%ig?%lo%u? glhczcmiL 2
disc 12.  ComémbéteraBl 162 izorelativelp pasrowon of slider 20, whereby

| nformati on may beg §&derf§°{%° é}f-&#ﬁeﬁi&séﬁ&&ﬂ& 15 NS PIt S al

sour ce/ sensor appar at us his I'n I on recei ved or
transmitted oofdat§lpisg3beight comparlsonmg‘hrfélez slidens FRMWDT sl i der

20 accor ngn§Mpodi iRl falyit tid nvecEe ifer 20
I ncl udesdgf %“r%i?dgr ngge 40%&'( rzgll |lr§afsrﬁlg lﬂg mghe%l%ﬁ edges
44 and 46, cml@ttﬂinésm furgtirngofndh afSt 2afus in “fickes

Line 170 represents the flying height of sl:Lder 20.
Line 172 represents the flying height of slxder 160.
Application of the wide center rail on slider 20 reduced
10 -the ID-to-OD rise by 50 percent as compared to the ID-
to-OD rise of slider 160. Also, the flying height of
slider 20 is maintained significantly higher at the disc
ID than slider 160. These characteristics are
particularly useful in large disc drive applications
15 having a relatively low disc rotational velocity and a
high target flying height, such as in optical disc drive
storage systems.
Referring back to Figure 2, optical head 56
optically couples optical source/sensor apparatus 32
20 (shown in Figure 1) to the surface of disc 12. In one
' embodiment, the optical aperture includes a solid
immersion lens (SIL) which is formed by an objective
lens, a cap lens and a MESA. A plurality of conductors
(not shown) are coiled around the MESA for providing an
25 electromagnetic field. Conductive traces 180 and 182
(shown in phantom) are applied to the floor of recessed
areas 66 and 68 for providing current to the coils
surrounding the MESA.
To write data on a magneto-optic (M-0) disc,
30 optical source/sensor apparatus 32 directs a laser beam
through the SIL-type lens in optical head 56 to heat a
small spot on the disc surface to a temperature above
the Curie temperature of the magnetic medium. The coil
surrounding the MESA is energized and the laser is




width 51. Length 49 is nmeasured from | eading slider 20 edge 40 to

trailing slider edge 42, and width 51 is nmeasured from side edge 44 to
si de edge W@ 99/056M one enbodi nent, slider 20 is a "70-s&CraIss7/4956@er, in
whi ch | ength 49 is about 4.00 mm and width 51 is about 2.20 mm .
However, in other enbodi ments, slider 20 can have 25 other sizes, such as
the size of a "50-series" slider I n _which length 49 is about 2.00 mm
and width 51 is about 1.60 nmor a "30-series” slider in which |ength

490s . abo‘{'{uré'xes $ a”dA|‘§' dﬁﬁb abgsé.@e“tmeﬁi%moolﬁ below . the Sl i der

20 further inc e ral , center rall 54 and ptlcal
head 56. Si dEUHe Pimt, %(Peﬂt%ﬁ SPR%| 18 oheataWARE &h8cde8dEeda4 and

46, . ‘respegidgirinic Srdentatlion?0 path S eeaendrbmothé apd disc bys! i der .
O a1 Tod P B0 SEECGE cno G098 dRreabl MR
5 measuring the rotation of the polarization of -the

reflected bean.

Figure 6 is a plan view of an optical
recording slider according to an alternative embodiment
of the present invention. The same reference numerals

10 are used in Figure 6 as were used in Figure 2 for :the
same or similar elements. Slider 200 includes leading -
slider edge 40, trailing slider edge 42, side edges 44
and 46, side rails 50 and 52, center rail 54 and optical
head 56. In this embodiment, waist section 118 of

15 center rail 54 is lengthened toward optical head 56, and
the rectangular trailing section 120 (show in Figure 2)
is removed. Also, trailing sections 76 of side rails 50
and 52 extend beyond optical head 56 along the length of
slider 200. 1In addition, stepped trailing surface 202

20 and 204 have been added to trailing section 76 of side
rails 50 and 52, respectively, at trailing rail edge 94.
Trailing step surfaces 202 and 204 are recessed from and
substantially parallel to air bearing surfaces 60 and 62
of side rails 50 and 52. Trailing step surfaces-202 and

25 204 increase pitch stiffness while keeping the lowest
flying point of slider 200 as high as possible.

Figure 7 is a top plan view of an optical
recording slider according to another alternative
embodiment of the present invention. Again, the same

30 reference numerals are used in Figure 7 as were used in
Figure 2 for the same or similar elements. In Figure 7,
side rails 50 and 52 extend all the way to trailing
slider edge 42.
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rails 50 and 52 termnate at a position along | ength 49 t hat

subst ant i IPY¥EM? esponds to the position of optical HEFBF19566:t or
rail 54 is positioned al ong center line 48, between side rails 50 and
52. Center 5 rail 54 extends fromleading slider edge 40 and

termnates prior to optical head 56 and.idie trailing edges of side
rails 50 and 52. Side rails 50 and 52 and center rail 54 formair

bearing surfaces 60, 62 @iihi@3, 8 is @SPBIhhYelYewORSE Cain hept RAT S
aligned with center.10 li.ne 48 and i.sgpositioged bet ween centcfeé rail 54
and trai I"TW%‘H’E%F%@&& pscording to another; gEbodymeRt (9 the | ydes

recessed areaprisent imwehfibmhi chigutend fsom Ipeadipegtiviedarieadgsf 40 to
(a0, o Sl s A PRI SY BRI E R0 il 200,
66 and 68 5ar e & ez ecexaggeratmd aiin badhe ngyentiicales direntid? for .

approximately j33ystidatidi Pudposed."€619808EN8560ad! SinPlat' Eidment s

as slider 200 shown in Figure 6 and further includes

raised, trailing end side pads 252 and 254. Pad 252 is

positioned between side rail 50 and trailing edge 42.

10 Pad 254 is positioned between side rail 52 and trailing

edge 42. Pads 252 and 254 are both positioned rearward

of optical head 56, relative to leading edge 40. Pads

252 and 254 are formed into the substrate material of

slider 250 during the same fabrication steps used to

15 form rails 50, 52 and 54.

Pads 252 and 254 increase pressure at trailing

edge 42, which results in a higher lift force at the

trailing edge. A high lift force at trailing edge 42

decreases pitch angle and increases flying height. The

20 pitch angle decreases more at the disc OD than at the

disc ID since pads 252 and 254 develop a higher positive

pressure at the disc OD than at the disc ID. Positive

pressure is proportional to the disc tangential velocity

which is higher at the disc OD than at the disc ID.

25 This results in a small pitch angle range (pitch angle

range = OD pitch - ID pitch). A small pitch angle range

results in a high pitch stiffness. The increase in

positive pressure at the disc OD also results in a

greater increase in flying height at the disc OD than at

30 the disc ID. However, this increase is kept to an

acceptable range. Another advantage of higher positive

pressure at the trailing edge of the slider is that it

prevents the trailing edge of the slider from being



Side rails 50 and 52 each include a |leading 20 section 70, a | eg section
72, a wai st section 74, a trailing section 76, an outside rail edge 90,
an inside wossnsé7?b edge 92 and a trailing rail edge 94. QuirgTheESIaNSEss
inside rail edges 90 and 92 extend parallel to center line 48 al ong

| eadi ng section 70, fromleading slider 25 edge 40 to |eg section 72.
Qut si de and inside rail edges 90 and 32 diverge fromcenter |line 48

al ong | eg section 72, from | eading SE8Tion 70 to waist section 74.

Qut si de and i ngj [ g 90_and 92 ext al 0 l'ine
48 al ong 'wai stégggfe nin/ﬁg %}m’a@m?a%l"afg ggg\ fn a&?t e%\%l%ép‘g?g il to
center- |i ne 48appdagationsrailing section 76, mhlle I nside rail edge 92

di verges fromcenterp, hagezggd@h@r%j& rddy rigvge fLQQdZﬁ? §% rail s

50 and 52 have a minimumryrail |ng ra The
di vergence of PA8irdé $Eailing pad\edgs g6 ?9 an .msn.de pad edge 26 and

PCT/ US97/ 1866 an outside pad edge 266. Pads 252 and 254 form bearing
surfaces 270 and 272 at trailing slider edge 42.
Bearing surfaces 270 and 272 are substantially parallel
to bearing surfaces 60, 62 and 63. However, it should
be understood that bearing surfaces 60, 62, 63, 270 and

10 272 can include a crown or a cross curvature. Since
slider 250 flies with a positive pitch relative to the
disc surface, trailing pad edges 262 are the closest
points on slider 250 to the disc surface rather than
optical head 56. The lowest clearance of slider 250

15 relative to the disc surface can be increased (while
maintaining or reducing the head clearance) by recessing
bearing surfaces 270 and 272 from bearing surfaces 60,
62 and 63 by a selected depth, such as about 3.0
microns. The trailing edges of rails 50 and 52 can also

20 °~ be recessed by recessing trailing step surfaces 202 and
204 by a selected depth, such as about 1.0 microms.
Other depths can also be used. This provides a higher
mechanical <c¢learance which improves wear and
reliability.

25 Pads 252 and 254 are wider at leading pad edge
260 than at trailing pad edge 262. This reduces the
increase in flying height at the disc OD by reducing the
area of bearing surfaces 270 and 272 at trailing slider
edge 42 while maintaining the benefits of increased

30 pitch stiffness. In the embodiment shown in Figure 8,

’ inside edges 264 of pads 252 and 254 diverge from center
line 48 along a portion of the length of pads 252 and
254, as measured from leading pad edge 260 toward
trailing pad edge 262.



edges 92 along trailing sections 76 fornms a notch 98 at the trailing
edge of e rail. Wth this geonetry, ﬁ%@ﬁ s 72
of side Qﬁagﬁgﬂﬁs 50 and 52 angle toward center |ine 48 as %ﬁ ext end

forward fromwai st section 74 to | eading section 70. This causes

| eadi ng sections 70 to have an of fset 102 toward center |ine 48. By
of fsetting | eading sections 70, thel@Fsc tangential velocity

i ntersects the outsi de edges of |eg sections 72 at an angle when

slider 10 20 is positiofptiigaltheadi 56l ks dthomn ein GvBpter desail indi sc.

This "angled | padipg rsal | 0pRAaqUNRdd@N56CSMdfudes al MEBA Ul i @R Of the
flying height at ' the recording density on

whi nproves t
the m ddl e dat® 33°t1VPaiE§s 3RE ﬁlG&Pelﬁpﬁwet@PefPBDﬁStHEPgﬁanhﬁpﬁb is 15
conmonl y quanttheedapenahsvs:éOchbeleaneﬁtﬁnﬁneherbody otlynmdebezsbt

(OFF andthe oo Se h3U=bEbwbhL Y} iy 200" akilhab Roch, Blp2Byol? B0
The MD hunp rebléder 250 cidmbpirical)l communddhtion with the surface of
the disc. Coil 292 is wound around MESA 290 and is
electrically coupled to conductive traces 294 and 296.
Conductive traces 294 and 296 are applied to the floor
10 of slider 250 for providing current to coil 292. In the
embodiment shown in Figure 9, conductive traces 294 and
296 extend forward from MESA 290 to about a midpoint
along the length of slider 250 and then extend through
the body of slider 250 to a pair of electrical contacts
15 on the back surface of the slider.

Figure 10 is graph illustrating the results of
" a flying height comparison of the slider shown in Figure
6 and the slider shown in Figures 8 and 9. The flying
height in microinches is plotted as a function of the
20 disc radius in inches. Line 300 represents the flying
height of slider 200. Line 302 represents the flying
height of slider 250. Slider 250 has a greater increase
in flying height from the disc ID to the disc OD than
slider 200. However, the increase is kept to an

25 acceptable range, such as less than 2.0 microinches.
Figure 11 is a graph illustrating the results
of a pitch angle comparison between the slider shown in
Pigure 6 and the slider shown in Figures 8 and 9. The
pitch angle in microradians is plotted as a function of
30 disc radius in inches. Line 304 represents the pitch
angle of slider 200. Line 306 represents the pitch
angle of slider 250. Application of trailing end side
pads 252 and 254 on slider 250 relative to slider 200
reduced the pitch angle at the disc OD by about 12.3



20 dianeter flying height froman ideal straight-1line flying hei ght
profile between the inner dianmeter flying hei ght and the outer dianeter
flyi ng hergdbenddesiuct i on of the MD flying height therefporrsswiesses the
MD hunp. Not ches 98 forned in side rails 50 and 52 25 :
counteract an increase in flying height at the disc OD caused by a

hi gher disc tangential velocity at the 9*%% OD. Notches 98 narrow t he
width of rails 50 and 52 to. the mn mw dth 100 along trailing edge

allong ' he t rai PPRGSRECHTS (A€ % FERCHR FRey 8188 R Mf dROOER TS
By cutting trapéragntect§ldder7@850 thatrefigradiahess88lleheitdh anglee on
(railing sectiohigdOtnan PEaERSESy, asLEA | RbbdTbd 4iP WP g Ptk 2t

t he di sc
PCT/ u597/ 195668tiffness.

5 : Figure 12 is a perspective view of an optical
~recording slider according to another alternative
embodiment of the present invention. Again, the same
reference numerals are used in Figure 12 as were used in
the previous figures for the same or similar elements.

10 Slider 320 includes side rails 50 and 52, center rail .
54, optical head 56 and trailing end side pads 322 and
324. Pads 322 and 324 separated from one another at
trailing edge 42 and then angle toward one another
between trailing edge 42 and optical head 56. Pads 322

15 and 324 are formed of a conductive material which is
applied to the floor of slider 320 and are electrically
coupled to coil 292. As in the embodiment shown in
Figures 8 and 9, pads 322 and 324 form bearing surfaces
which are recessed from bearing surfaces 60, 62 and 63

20 by about 3.0 microns, for example. In an alternative
embodiment, pads 322 and 324 are formed of the slider
substrate material. Conductive traces would then
applied forward of optical head 56, similar to the
embodiment shown in Figures 8 and 9.

25 The optical recording slider of the present
invention provides a low suction force at the disc OD
for ramp load-unload drive applications. The trailing
end side pads provide a low pitch angle at the disc OD
which results in higher mechanical clearance, better

30 pitch stiffness and lower flying height sensitivity to
altitude. These advantages are particularly useful for
low disc speed and high £flying height applications, such
as a 5.25 inch optical disc drive.



-10- Center rail 54 has lateral rail edges 110 and

112, a tr W&H edge 114, a narrow | eadi ng section ! w de
wai st se(}?bon 8 and a narrow trailing section 120. c‘l‘s%ﬁfslg%t‘i on 1
has transition sections 5 130 and 132 and a mid portion 133. Lateral rai
edges 110 and 112 extend parallel to center Iine 48 al ong |'eadi‘ ng¥;
section 116 and then diverge from cent€9+ine 48 al ong transition
section 130 to a maxinmumrail w dth 134 at md portion 133 of .wai st
section 118. Lateral rdA¥themgledddie 1present 12inkerkioparkas erQQil cent er
line 48 RS BEd RARh oae%%%e%% thsn geazswedt RS SH Lt

line 48 along transition sectjon . Later rail edges 110 and 112

extend par al 'Warkers Skihled i@ 4@‘3 art Mokl recegnize s"el?ﬁ‘i' cﬁh"‘-‘l‘ﬂ?s 15

I n one eWbOdlrﬁﬂ?ﬁtbetxh@daaéanﬂew ghl H4a81 withaahids dﬂin&“fr&n greater
t han the side rails 50 and 52. Maxi num wi dth 134

dt f
is prefer frwmgpaiﬁ?ﬂaéﬁgc%ﬁ)&# tFR% BYERELter 1ine 48 correspondi ng

to a m'dp0| nt along a length 136 of side rails 50 and




20  52.

sur f aces.

This provides increased_lift at the center of the air

Al's

0,

| ength 136, as
rectangul ar | eadi ng sectlon-lié produces a retati

narr ow,

from | eadi ng edge

ranp

addi ti on,

OD, which results

unIQ
"t he

maxi mumrail w dt
range al ongoosmpsem | ine 48 that W‘ﬂ@‘SaHE@T HASd

measur ed fr omiieadt B e 40. 25

@&& rably confined to

suction force at the disc OD° "by providing a Iow
' 40 to waist secti®P 118, whic mﬂ ,mmm{'ﬁ

aaing &grforggnce of slider 20 at the di*sce
' o1+ 118 i ncreases the flying height

.disc |D whilelt the samre dilste head reddidens ddmprfilsyiingg hei ght. at the disc

i ncreases the flying he|gh?igﬁg%héﬁ%#gcsg%é%fgiﬁgbghgiggdﬂﬁﬁSglagﬁ%g
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2.

edge, a trailing slider edge and a
center line extending from the leading
slider edge to the trailing slider edge;

a head carried by the slider body along the
center line;

first and second 1longitudinal side rails
positioned on the slider body and
terminating prior to the trailing slider
edge;

a third 1ongltud1nal rail positioned between
the first and second longitudinal side
rails and terminating forward of the
head;

a first raised side pad positioned between
the first longitudinal side rail and the
trailing edge and rearward of the head;
and '

a second raised side pad positioned between
the second longitudinal side rail and
the trailing edge and rearward of the
head.

The disc head slider of claim 1 wherein the

first and second raised side pads each comprise leading
and trailing pad edges and are wider at the leading pad
edge than at the trailing pad edge.

3.

The disc head slider of claim 2 wherein the

first and second raised side pads each further comprise
inside and outside pad edges and a length measured from
the leading pad edge to the trailing pad edge, and
wherein the inside pad edges diverge from the center
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force equals the positive pressure per, unit ar ea devel oped on the
beari ng sUVPA¥B56fY nes the area o Qa 2 ri ng surf BETUSIYIEE t he
area of the air bearing 5  surf @"5 ﬁrnﬁ’ %@55@ at the wai st section, the

t ot al positive pressure devil opefEBRA wai gt ases
whi ch increases the lift force. A higher I | ft ﬁmwmlu,l"s"nnﬂm
hi gher flying hei ght at the disc ID. 21~ At t he® dilsc *0ODf the wide
wai st section a essure
t owar d ttlfé'}k%r iid ;i%f acég%g'o#aé?# éi %ﬁf% E&éﬁ%ol\?egasdl%a% wever,
narrowi ng cenedger &o| ths &rgnglngamdt iedige . section 132 and traili ng
section 120 cpeates airqp 3{% éybggbbgg%mpae%%iﬁeggws 14
hea an

and 142 15 afj ‘acent o tlcal |n recessed areas
Air expansi onTAEERi R g.%nﬂztorah&eMﬁ%efm%r each c¢omPELERd By

notches 98 i nti'hd.@.:l.h@" |p”ac50ed§§,5&nd Whérein th%suﬁlsstt Naaahisgh@ngucti on
f orce behi nd center at theﬁglsc %h i, ft f%lr at the

front end of 38+ (?an"érfiergﬁfl%ﬂrﬁ fee

trailing pad edges, angle toward one another between the
trailing pad edge and the head, and meet one another
substantially at the head.

5. The disc head slider of claim 4 wherein the
slider body is formed of a slider substrate material,
the first and second raised side pads are formed of a
conductive material which is applied to the slider
substrate material, and the first and second raised side
pads are electrically coupled to the head.

6. The disc head slider of claim 1 wherein the
slider body is formed of a slider substrate material and
the first and second raised side pads are formed of the
slider substrate material.

7. The disc head slider of claim 1 wherein the
first and second longitudinal side rails form first and
second bearing surfaces, respectively, the first and
second raised side pads form third and fourth bearing
surfaces, respectively, and the third and fourth bearing
surfaces are parallel to and recessed from the first and

-11- the lift force devel oped on the waist section. The lift \

second bearing surfaces.

8. The disc head slider of claim 7 wherein the
first and second longitudinal side rails each comprise
a trailing rail edge and a recessed trailing surface
which extends forward from the trailing rail edge and is
parallel to and recessed from the first and second
bearing surfaces.

9. The disc head slider of claim 1 wherein the
head comprises an optical head. '

This Sheet Has Been Replaced
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[ [ [ i il 54 sucks
while a high suction force at the tralllng end of center rai _
t he tralllgg portion of slider 20 _.down . tomard the di sc surface, which

i ncreases twooppieah angl e ofh_

ehi nd cen .gﬁﬂ yxr
head 56 is 25 |ocated b Xl atlvel

disc OD of optical head 56 decre :

| eadi ng step surface 150 i's formed at ihe Ieadlnglul m Hﬂltﬂllsdgo
and 52 and center rail 54. Each | esal-ng step su en

al ong the | eading section of the rail, from Ieadlng slider edge 40 to a

substantial Iy vtical fihe disqdmadasbider eftemdimfuomﬁb&&drnﬁhgggﬁ
surface 150 tOfJ.rstt had eeRReld ‘1%11?&. fut&::'fﬂé n% réﬁaa'(i; Thalv2® ¢ ?%&99905679
| eadi ng step surf 50 i s recess rom and pa
eages and the third rail terminates prior to the
trailing rail edges, as measured from the leadlng'sllder
edge.
11. The disc head slider of claim 1 wherein the
third longitudinal rail comprises a leading section, a
waist section and a trailing rail edge, wherein the
leading section is rectangular and extends from the
leading slider edge to the waist section and wherein the
waist section widens from a first width at “the
rectangular leading section to a maximum width of the
third rail and then narrows from the maximum width
toward the trailing rail edge.
12. The disc head slider of claim 11 wherein the
first and second longitudinal side rails each have a
maximum rail width which is less than the maximum rail
width of the third rail.
13. The disc head slider of claim 11 wherein:
the first and second longitudinal side rails
have a rail length measured from the
leadlng slider edge toward the trailing
slider edge; and
the third longitudinal rail has the maximum
rail width at a position along the
center line corresponding to a midpoint
along the rail length of the first and
second longitudinal side rails.
14. The disc head slider of claim 13 wherein:
the maximum rail width of the third
longitudinal side rail is confined to a
range along the  center line
corresponding to 1/5 to 2/3 the rail

PCT/ US97/ 19566 ©
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-12- to the air bearing surfaces for easing pressuri zation of

' I n s 60, 62 and 63 The air bearing surface
?Ie;t S?ggl o%@?#’é@?g can. g WSMEIBWA&)BE&N ling, cheRCTABIINISEH ng
or 5 Reactive lon Etching (R'H fQBEEMHmpIe wfth one or nor e .
maski ng and etching iterations. Tt uﬂlﬂ;m“mﬁ IHm y
ion mlling, chem cal etching or Regngve | on Et .

sensitivity of the slider's flying characteristics
manuf acturing 10 tol erances aengarrpar@gl t eifd M I@G-draper ﬁg suggggﬁa ‘whi ch

are typically formed by Iess

Figure 3 is a g@aph I 1lustrat

the pressure d

t he side rallstﬁfgdlfonéﬁﬁm&

54, respectively

ocatron

esses
CCUf@E@ﬁB%EE%E eplrfggéénerated simul ati on of
el oped ofheldilec head gDidertde dlé&mcih ﬁﬁéréﬂﬁaihgns of
Ed £7 i&él g ﬁ E % sented arrows 50, 52 and
sift FAE FERERSE Cotmpl pet

represented by arrow 56. fixﬁ%sanﬁdﬁecmmﬁglabanelam@ibnédges, preSfure are
oriented out of the pageynéydsfn ! ltg@stfhlrstl alel aééggnQel Q mi: gn@}

are oriented into the 20 page,

at an

edges extend parallel to the center line
from the leading slider edge to the
waist section; and

wherein the first and second lateral rail

edges diverge from. the center line along
a first transition section of the waist
section, from the leading section to the
maximum rail width, extend parallel to
the center 1line from the first
transition section to a second
transition section of the waist section,
and then converge toward the center line
along the second transition section,
from the maximum rail width toward the
trailing rail edge.

16. The disc head slider of claim 15 wherein the
third longitudinal side rail further comprises:
a rectangular trailing section extending from

the second transition section to the
trailing rail edge, along which the
first and second lateral rail edges
extend parallel to the center line.

17. The disc head slider of claim 11 wherein the
first and second rails each -comprise:

inside, outside and trailing rail edges;

a leading section, a waist section, a leg

section which extends from the leading
section to the waist section of the

This Sheet Has Been Replaced
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angle 162 with respect to slider center line 48. As the air is dragged

beneath slider 20, the air CONpresses.. ... . .along side rails 50 and 52 and
center raigqgghsei ch depet: St essure on Sipdaydsdiessd 0 and
52 and 25wocent er rail 54. JATHY eﬂﬁ%sﬂwﬁﬁﬁ eg4—ens—]:94———1—96——1—4r0

and 142 devel ops areas of subanbi efEPRARERUre:’
pl an view of a slider having a tnin, rTecra lﬂ!l!ﬂﬂﬂﬂ!"ﬂ
opposed to a w de center raiI The—24me ref er

30 Figure 4 as were used in gure 2 for the sane or
el enents. Slider 160 has a IgéH SeRPnd, rallsmr%’i“h?ﬁg“’éﬂb%“&? si de

rails 50 and 52, center rail sé&EJ.on wl@i‘@h om‘:wadddweﬁﬂom the Cﬁaigt rail
162 has the sane | engt h gstcent e& {;fil f54 tsho i n F| gure gut does
not VO 99/ 05679 section © irst and second }Es 9/ 19566

the trailing rail edge of the first and
second rails;

a minimum rail width at the trailing rail
edge of the first and second rails; and

wherein the inside rail edges diverge from
the center 1line along the trailing
section of the first and second rails as
the trailing section extends from the
waist section of the first and second
rails.

18. An optical recording slider comprising:

a .slider body comprising a leading slider
edge, a trailing slider edge and a
center line extending from the leading
slider edge to the trailing slider edge;

first and second 1longitudinal rails
positioned on the sglider body and
comprising inside and outside rail
edges, a leading section, a leg section,
a waist section and-a trailing section,
wherein the inside and outside rail
edges extend parallel to the center line

T .

Ss are used in

along the 1leading section, from the
leading slider edge to the leg section
of the first and second rails, diverge
from the center 1line along the leg
section, from the leading section to the
waist section of the first and second
rails, and then extend parallel to the
center line along the waist section,
from the leg section to the trailing

This Sheet Has Been Replaced
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-13- have a wi de wai st section. Rather, the waist section of
center rail 162 is relatively pos+ew Fi gure 5 is a graph
i |1 ustrat WRPIHRE? esul t s THIS: Sﬁﬁﬁﬁ*ﬂ&%ﬁﬁ" mﬁﬁﬁm ders §
shown in 5  Figures 2 and 4. -{Thé tRERLAGERei ght =
plotted as a function of the dl?tf radros 1 n |nches mm’mu@mﬁﬂ ‘E Hresen s¥

the flying height of slider 20. Li+®5472 repres ei ght
of slider 160. Application of the wide center rail on slider 20 reduce

1]9 ][hg ID-to-OD rise by 50 gaction of tbepfisst anthesend raibsD rise
of slider 160. Also, the fly] f Slsi 0 [ ed
significantly higher at the édﬂ@ hﬁhgg%bﬁ ﬁgr? ﬁx{gg"dez %%lim Qér%és]e

characteristics are pardiverge | §1'9§ef-bp icentergd ine Aakpng cthe
ﬁpglhl tcatlotnsf I15 ha\r/]' ngh? reéﬁ%n/ﬁk éé&’!%fhﬁ fﬁnatth@nahlyelgsaéyoand a
i ar ge yi ng heig suc in opfic isc driv tor age
syst ens. Ref ¥ V bide et iﬂﬂ‘g ’Zal(}pt?‘éﬁ? I?éa thg

optically coupl es opt i cal sogﬁ;ﬁgtsmogecmraaﬂ;s% 20 (shown in Figure
1) to the surface of digcilra 'thffftudinal"B8Y) "Pes dibhed 4fGhgaPe 11T

the center line, between the first and
second longitudinal rails and comprising
first and second lateral rail edges, a
trailing rail edge, a leading section, a
waist section and a maximum rail width,
wherein the lateral side edges extend
parallel to the center line along the
leading section, from the leading slider
edge to the waist section of the third
rail, diverge from the center line along
the waist section, from the leading
section of the third rail to a portion
of the third rail having the maximum
rail width, extend parallel to the
center line along the portion having the
maximum rail width and then converge
toward the center line from the portion
having the maximum rail width toward the
trailing rail edge of the third rail;

an optical head positioned along the center
line, between the trailing rail edge of
the third rail and the trailing slider
edge;

a first raised side pad positioned between
the first rail and the trailing edge and
rearward of the optical head; and

This Sheet Has Been Rep
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i mersion lens (SIL) which is forned by an objective | ens, a cap |lens,

and a MESA. A plurality of conguctors_. (not.shown) are coil ed around
the MESA fyop ophspiy di ng an 25 | FHISSHEFRYASIRREN | el d.  Condusinsbanbdsgces
180 and 18 (shown in phaht om-RepgAgpp! i ed to the fToor of recessed -

areas 66 and 68 for providi ng torrent—to—the—eoHl s _ ' t he
VESA. To wite data on a _nagnet oopt““mmwmn‘mmm
opti cal source/sensor apparatus 32 di ré® a | aser beant % hifough t he
SIL-type lens in optical_head 56 to.he

surface to a tenperaturé abovd ralfﬁ‘it aﬁ?&%&ﬁ%@%ﬁ?ﬁ?’%&?[ﬁ g’%ﬁg‘gﬁgt ic
medi um The coil sur r ourtliengseébend/ESALLls arrkrihe etirandinge edgeer i s
WO 99/ 05679 _ and rearward of the h%gH'USQW 19566
19. An optical disc drive comprising:
a housing;
a spindle motor;
a disc rotatably coupled to the spindle
motor; |
an actuator assembly mounted to the housing;
and )
an optical recording slider carried by the
actuator assembly for communication with
the disc, the slider comprising:

a slider body comprising a leading
slider edge, a trailing slider edge
and a center 1line extending from
the leading slider edge to the
trailing slider edge;

an optical head carried by the slider
body along the center line;

first and second longitudinal side rails
positioned on the slider body and
te:r."minating prior to the trailing
slider edge;

a third longitudinal rail positioned
between the first and second
longitudinal = side rails and
terminating forward of the head;

a first raised side pad positioned
between the first longitudinal side
rail and the trailing slider edge
and rearward of the head; and

a second raised side pad positioned
between the second longitudinal

S
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-14- turned off. As the nagnetic nmedi um cool s bel ow the Curie
poi nt, spot is left w T magnetic orientation. \
Data is rggg%sbg‘%?t he MO dise:b lé m he | aser PHEHNEIFOG 1 he
disc surface and 5 neasuring f oﬁ . of thp polarization of the

refl ected beam Figure 6is a plan vi ew of an opti cal

recording slider according to an alternrgive enbodi nent of the present

i nvention. The sane reference nunerals 10 are used in Figure 6 as were
used in Figure 2 for the sansmnesradlaanélEhentxazsmngﬂsxﬂﬂbﬁncludes

| eadi ng slider edge 40, trailgl gq% elﬁgﬂﬁs 44
and 46, side rails 50 and 52, cente r?qdj?fa optl cihqa ead 56. I n

this enbodi ment, waist section 118 of 15 center rail 54 is |engthened

toward optical head 56, and the rectangular trailing section 120 (show
in Figure 2) is renmoved. Al so, trailiQgﬁ;gﬁngﬂg_ZB—e#—side rails 50
and 52 extend beyond optical head 56 al ong ength slider 200.
In addition, stepped trailing surface 202 20 en added to
trailing section 76 of side rails 50 an y, at trailing

rail edge 94.
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Trailing step surfaces 202 and 204 are recessed from and substanti al |-y

parallel to air bearing surfaces 60 and 62 of side rails 50 and 52.
Trailing ﬁ&ﬁﬁm&H@faCGs 202 and 25 204 increase pitch stigérressnesesl e
keepi ng the Towest flying point of slider 200 as hi gh as possi bl e.
Figure 7 is a top plan view of an opkkgzl recording slider according
to another alternative enbodi ne f the present invention. Again, the
same 30 reference nunerals are used in Figure 7 as were used in _ Figure
2 for the same or simlar elenents. In Figure 7, side rails 50 and 52

extend all the way to trailing slider edge 42. WO 99/ 05679
PCT/ US97/ 19566 . - .-15-

FiG. |

14
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Figure 8 is a plan view of an opti cal recording slider according to
anot her enbodi nent of the present invention. Figure E&éiﬁggqﬁggﬁpective‘
vi ew of WO990%6@ s| i der shown in Figure 8. The di nensions 0 lgure 5°9°
are exaggerated in the vertical direction for illustration purposes.
Slider 250 has simlar elenents zyﬁpslider 200 shown in Figure 6 and
further includes raised, trailing end side pads 252 and 254. Pad 252
S positioned between side rail 50 and trailing edge 42. 10 Pad 254
I's positioned between side rail 52 and trailing edge 42. Pads 252 and
254 are both positioned rearward of optical head 56, relative to
| eadi ng edge 40. Pads 252 and 254 are forned into the substrate
mat eri al of slider 250 during the sane fabrication steps used, to 15
formrails 50, 52 and 54. Pads 252 and 254 increase pressure
at trailing edge 42, which results in a higher lift force at the
trailing edge. A high lift force at trailing edge 42 decreases pitch
angl e and increases flying heighgy The 20 pitch angle decreases nore at
the disc OD than at the g%sc‘ht)since pads 252 and 254 devel op a hi gher
positive @ pressure at the=disc\OD than at the disc ID. Positive
pressure i prqportional to tQe di tangential velocity
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which is higher at the disc OD than at the disc ID. 25 This results in a _

smal | pitch angle range (pitch angle range = OD pitch - ID pitch). A
snmal | pi t civodalserer ange results in a high pitch stiffnepgpmpserH8ss
i ncrease in positive pressure at the disc OD also results in a -
greater increase in flying height at E%zzgisc OD than at 30 the disc ID
However, this increase is kept to an ccept abl e range. Anot her
advant age of hi gher positive pressure at the trailing edge of the
slider is that it prevents the trailing edge of the slider fromdbeing
WO 99/ 05679 _ PCT US97/ 1956
-16-" . sucked into the ranp load armin ranp | oad-unload -
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appl i cations. Pads 252 and 254 each have a | eadi ng pad edge
260, a traighboepdsssl edge 262, an inside pad edge 264 and 5 an outside pad \\

edge 266. Pads 252 and 254 form bearing surfaces 270 anRCDUI74PS66
trailing slider edge 42. Bearing surfaces' 270 and 272 are
substantially parall el to'bearing@é@pfaces 60, 62 and 63. However, it
shoul d be understood that bearing surfaces 60, 62, 63, 270 and 10

272 can include a crown or a cross curvature. Since slider 250 flies
wWith a positive pitch relative to the disc surface, trailing pad edges
262 are the cl osest poi nts on slvg 250 to the disc surface rather

t han optical head 56. The | owest eafance of slider 250 15 relative
to the disc surface can be irgpgased (whi}pel62 maintaining éxfeducing t he
head cl earance) by r i ng beari ng purfaces 2and 27 rom beari ng
surfaces 60, 62 a 63\ by ajLelected ept h, uch as abddt 3.0

m crons. The trailing edgesyof—ratis—56 52 .cal alsq 2 be recessed by
recessing trailing step gurflaces 202 ang 204 by p skl ected depth, such
as about 1.0 mcrons. trer—aept hs n al ed This provides a
hi gher mechani cal earape® whi¢h inﬁﬁaves §\ynsar and
reliability. _

'
56~'\/ N~

42\,//

FIG. 5

29 ,
0.8 1 .4 2 ?8

RADIUS (IN}
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25 Pads 252 and 254 are wi der at |eading pad edge 260 t han
at trailiggwgad edge 262. This reduces the increase in flying height at
t he disc 99956 ci ng t he area of bearing surfaces 27CGcaingsod{oseat
trailing slider ~ edge 42 while maintaining the benefits of increased 30
pitch stiffness. In the enbodi nent 523%%9in Fi gure 8, i nsi de edges 264
of pads 252 and 254 diverge from cent line 48 along a portion of the
| engt h of pads 252 and 254, as neasured from | eadi ng pad edge 26

t oward trailing pad edge 262. WO 99/ 05679 .

PCT/ US97/ 1966 -17- Opti cal
head 56 is shown in greater detail in- ~ Figure 9. Optical head 56

i ncludes a MESA 290, an

20 50) ,/.[5?! 6527' /200

)

| -t
60 / '
N - |-62

76 1

20?‘:& | \204
94— |

| 46
AN L/
-7 -
42J 56
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obj ective | and a cap |lens. The objective lens and the cap lens are
carried wthi %@ﬂ@mbody of slider 250 5 and are not shown. ©NMESA 290 ‘RK
extends fromthe floor of slider 250 for optical conmunication with

t he surface of the disc. Coil 292 is wound around MESA. PST(saweoses
electrically coupled to conductive tra%?9 294 and 296. Conducti ve
traces 294 and 296 are applied to the Q of slider 250 for providing
current to coil 292. In the enbodi nment shomm in Figure 9, conductive
traces 294 and 296 extend forward from MESA 290 to about a m dpoint
along the length of slider 250 and then extend through t he body -of
slider 250 to a pair of electrical contacts 15 on the back surface of the
sl i der. Figure 10 is graph illustrating the results of

a flying height conparison of the slider shown in Figure 6 and the
slider shown in Figures 8 and 9. The flying hei ght in mcroinches is
plotted as a function of the 20 disc radius in inches. Line 300
represents the flying hei ght of slider 200. Line 302 represents the
flying hei ght of slider 250. Slif ?ﬂ has a greater increase in
flying height fromthe d| IDto the §c"OD t han sllder 200.

However, the increase |s 71 to an gg acceptable ra zmh as | ess
than 2.0 nlcr0|nches

pamy was

44

46




Figure 11 is a graph illustrating the results of a pitch angle

conpari son between the slider shown in Figure 6 and the slider shown

i n Fi gur esw6 9svos679. The pitch angle in mcroradi ans i qi/udobasbsas a
function of 30 disc radius in inches. Line 304 represents the pitch -
angl e of slider 200. Line 306 represeg%; the pitch angl e of slider

250. Application of trailing end side C’pads 252 and 254 on slider 250
relative to slider 200 reduced the pitch angle at the disc OD by about
12.3 WD 99/ 05679 PCT/ US97/ 19566
- 18- percent and the pitch angle at the disc ID by about 7.8

percent. Slider 250 therefore has a snaller pitch angle

FIG. 8

40\ 507 . /54 | /52 5250

soo—th N ™ 4 204
533“\ | r-zsgs .
| | L,

I
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range than slider 200, which results in a larger pitch stiffness. 5
Figure 12 | spective view of an optical recordin I \§i
accordi ng #@@’Hﬁer alternative enbodi ment of the preggi(#"S tion.
Agai n, the sane reference nunerals are used in Figure 12 as were used
in the previous figures for the sane or simlar elenents. 10 Slider
320 includes side rails 50 and 52, ce tgrail 54, optical head 56 and
trailing end side pads 322 and 3247 Pads 322 and 324 separated from
one anot her at trailing edge 42 and then angle toward one anot her
between trailing edge 42 and optical head 56. Pads 322 15 and 324 are
formed of a conductive nateri al ‘ch is applied to the floor of
slider 320 and are electrically ©& coupled to coil 292. As in the
enbodi nent shown in Fi gures 8 N 324 form bearing
surfaces whi ch are recessed f 62 and 63 20 by
about 3.0 mcrons, for exanple. In/s ’Rnbodi nent, pads
322 'and 324 are formed of the slid ' 2 : Conducti ve
traces woul d then applied forwg imndl ar to the
enbodi ment shown in Figures 8 and 9.\25 N recordi ng
slider of the present o '

o
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i nvention provides a | ow suction force at the disc OD
The trailing

| oad- unl oad drive applications.
| ow pit chwogsiasem t he disc OD
cl ear ance,
to al titude.
di sc drive. WD 99/ 05679
PCT/ US97/ 19566

t he present invention has been
enbodi nent s,
may be made in form and detai

workers skilled in the art wll

for ranp :
end side pads provide a
whi ch results in hi ghepcumwshaiosésn

better 30 pitch stiffness and | ower flying height sensitivity
i These advant ages are
speed and high flying height applicat

ticularly useful for | ow di sc
such as a 5.25 inch optical

-19- Al t hough
described with reference to preferred
recogni ze that changes

wi t hout departing from

FIG. 10
55-
5125 300 o SLIDER 250
54 @ SLIDER 200
i 451 4385 4,737
2 300
E B2
351 3588
5| 3939
07 12 17 22 27
RADIUS {IN}
FIG. 11
3501 3222 o SLIDER 250
_ 304 = SLIDER 200
Q
ék -
o
<
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=
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5 the spirit and scope of the invention. 1. A di sc
head sl i deryoo9pég761 NY: a slider body conprising a leading slider
edge, a trailing slider edge and a center [inePEPE f
romthe | eading slider edge to the trailing slider

edge;
7970
3 /
>y
2
< ¢
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PCUS 27/
BEAS .??jf ?‘st]' ﬂé"mg

a head barried by the sli der body al ong the

forward of the trailing slider edge;
second | ongi tudi nal side railisTHIS SHEET HAS BEENpDSI ti oned on the slider bedy
and havi ng traifl i ng RepilACEflges trm nating

prior to the trailing slider ‘edge: et hird | o '_“ LAk '
posi tioned between the firsgppand second Diﬂ ﬂm Hﬂw Im
rails and termnating forward of the heatfyams s i ng

rail edges of WHAT IS cmz@ﬁsi .rst and second | ongi tudi nal side
rails,; first d side pad.positioned between
the first Iongifﬁﬁinal gé%ﬁg h&ﬁg 311682 COMPriSiRditrailing edge and

rearward of the a sliéed; badg comprisirmg sacdeadiagsesl Kiate pad
positioned between ec. it r d
the trailing edge and rearward 5 § Q%i% éjiqhd%qJ Ehﬁg Q{rlé'létaan
second rai sed side Cenﬁ&ﬁslb@ﬁnyxﬁaﬂﬁmﬂgaﬁﬁqmnﬁhﬁa1¢¢Q#n9

second and third I ongitudinal rAiilger edge to the trailing slider edge;

a head carried by the slider body along the
center line, forward of the trailing
slider edge;

first and second longitudinal side rails
positioned on the slider body and
terminating prior to the trailing slider
edge;

a third longitudinal rail positioned between
the first and second longitudinal side
rails and terminating forward of the
head;

a first raised side pad positioned between
the first longitudinal side rail and the
trailing edge and rearward of the head;
and

a second raised side pad positioned between
the second longitudinal side rail and
the trailing edge and rearward of the
head, the first and second raised side
pads being discrete from the £first,
second and third longitudinal rails.

2. The disc head slider of claim 1 wherein the
first and second raised side pads each comprise leading
and trailing pad edges and are wider at the leading pad
edge than at the trailing pad edge.

3. The disc head slider of claim 2 wherein the
first and second raised side pads each further comprise
inside and outside pad edges and a length measured from

—_—
This Sheet Has Been Re placed

we = AR




2. - The disc head slider of cl aim1l wherein the, f.l r*&t{" Qd/ ecomd’"" 66

rai sed side pads each conprise i ng ¥ ‘and "are wi der
at the 2 7 APR 200] THIS SHEET HAS BEEN -41- Feaei-ng

pad edge than at the trailing pad edgeiiBEDd The dig of

claim2 wherein the first and ond—Tar S|deﬂ' mmma lher

conprise inside and outside pad edges andgs@ | ength neasuredifr

| eadi ng pad edge to the trailing pad edge, and wherein the inside pad edges

diverge from t heheemeddiridepad 0OBAga RV ttRe® ekaihengengid édge) t had
wherein the inside pad edges diverge from the center
line along a portion of the length from the leading pad
edge to the trailing pad edge.
4. The disc head slider of claim 1 wherein the
first and second raised side pads each comprise a
trailing pad edge, and wherein the first and second
raised side pads are separated from one another at the
trailing pad edges, angle toward one another between the
trailing pad edge and the head, and meet one anogper
substantially at the head.
5. The disc head slider of claim 4 wherein the
slider body is formed of a slider substrate material,
the first and second raised side pads are formed of
electrically conductive traces, which are applied to the
slider substrate material, and the first and second
raised side pads are electrically coupled to the head.
6. The disc head slider of claim 1 wherein the
slider body is formed of a slider substrate material and
the first and second raised side pads are formed of the

slider substrate material.

7. The disc head slider of claim 1 wherein the
first and second longitudinal side rails form first and
second bearing surfaces, respectively, the first and
second raised side pads form third and fourth bearing
surfaces, respectively, and the third and fourth bearing
surfaces are parallel to and recessed from the first and
second bearing surfaces.

8. The disc head slider of claim 7 wherein the
first and second longitudinal side rails each comprise
a trailing rail edge and a recessed trailing surface
which extends forward from the trailing rail edge and is
parallel to and recessed from the first and second

\\
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_ . - pRERis Q7 /70 LS
| eadi ng pad edge to'the trailing pad edge. 4. ‘The "d,i_sc,.\head”s,glti de Jof
claim1 wherein the first and ' q

peconRd—aised-side padsieach conprisea '
trailing pad edge, and wherei nj THS SHEEStHASBERNeFondTai sed si de pads are

separated from one another at }he tRBPLACEY pad pdgesjg mnmmmmre

anot her between the trailing pat edgeand-tte~tead, mn her
substantially at the head. 5. The dR8e head slitert of clain 4 wherein
the slider body is formed of a slider substrate material, the first and

second rai sed si¥le pads arihe sHiasd hsfade|sddiderc £ ycladdt v tvheredmdde which

are applied to the®|ddgriddstambpriehe haka.and the first and second
rai sed side pads are electrically to the h

oup] e ad. 6. . The disc
head slider of t%im1 whets riilt%iéqaidd iPsdy 9% ‘?e]cﬂ'%dl dyherein 0"3?6
substrate materiflrsthchridiasddonst londiseddndlr sigdedrai e pades er®iliiaed of

t he slider substyat terial . 7. .+ The disc head slider of claiml
wherein the first? ]ﬁaer&%%nabnq oﬁ’&ﬁ t’i}b]ﬁ%lr%lrﬂet?aﬁ%ﬂﬁﬁ R 1Pstt At %S econd
beari ng surfacestrakkipertraidl gdgede ds mehsanddstoandheailsadingdel pdets form
third and fourthedge_

S

A

11. The disc head slider of claim 1 wherein the
third longitudinal rail comprises a leading section, a
waist section and a trailing rail edge, wherein the
leading section is rectangular and extends from the
leading slider edge to the waist section and wherein the
waist section widens from a first width at the
rectangular leading section to a maximum width of the
third rail and then narrows from the maximum width
toward the trailing rail edge.
12. The disc head slider of claim 11 wherein the
first and second longitudinal side rails each have a
maximum rail width which is less than the maximum rail
width of the third rail.
13. The disc head slider of claim 11 wherein:
the first and second longitudinal side rails
have a rail length measured from the
leading slider edge toward the trailing
slider edge; and
the third longitudinal rail has the maximum
rail width at a position along the
- center line corresponding to a midpoint
along the rail length of the first and
second longitudinal side rails.
14. The disc head slider of claim 13 wherein:
the maximum rail width of the third
longitudinal side rail is confined to a
range along the center line

e
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bearing surfaces, respectively, and the third and f ﬂ3§é§ ind ilﬁfitﬁeé
are parallel to and recessed fron1the f|rst and second bearing surfaces

-22- - 8. The di sc head sli brern
l'ongi tudi nal side rails each co r|se gnég ra|| essed
trailing surface which extends f the tfail l mllm mlgm

parallel to and recessed fromthe first ad-second beatiny durmaces.*

corresponding to 1/5 to 2/3 the rail
length of the first and second
longitudinal side rails.
15. The disc head slider of claim 11 wherein the
third longitudinal side rail further comprises:

first and second lateral rail edges;

wherein the first and second lateral rail
edges extend parallel to the center line
from the leading slider edge to the
waist section; and .

wherein the first and second lateral rail
edges diverge from the center line along
a first transition section of the waist
section, from the leading section to the
maximum rail width, extend parallel to
the center 1line from the first
transition section to a second
transition section of the waist section,
and then converge toward the center line
along the second transition section,
from the maximum rail width toward the
trailing rail edge. '

16. The disc head slider of claim 15 wherein the
third longitudinal side rail further comprises:

a rectangular trailing section extending from
the second transition section to the
trailing rail edge, along which the
first and second lateral rail edges
extend parallel to the center line.

17. The disc head slider of c¢laim 11 wherein the
first and second rails each comprise:

inside, outside and trailing rail edges;

a leading section, a waist section, a leg
section which extends from the leading

-_
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9. - The disc head Slider of claim1 wherein tHaM hoad c%rﬁ)r/ §e% ‘érg)b
optical head. 10. The disc head slider_ of claiml whetehn-t hﬁ h,bbg
| ongitudinal rail conprises a lE ﬁq@gg_‘&qq%s)aggm vvaEBLéﬁctJ on- agd iy 19¢
trailing rail edge, wherein the} m lon |s rectangul ar and extends
fromthe | eading slider edgetothe i—-sect+oh and wherein the wai st
section widens froma first width at the- -geéetangul ar | eading section to a
maxi mum wi dth of the third rail and then narrows fromthe maxi mrum w dth
toward the trailing rail sed:@,éon ofo the wahétd aecﬂtg'iqrudoﬁalthiai

11. The di sc head slider z%'ta'a??dljse%ﬁﬁe'ﬁltﬁ%e fadbta aneh SeGRp

| ongi tudinal side rails each have a maxi numrai l Ich 1s less than
the maxinumrail wdth of the S§ctdonajwhicip, ex“—endﬁFhefliﬂf%cthéad’%llﬁtder of
claim 1l wherein: th%e%lt&%h 800k e GG a&al Iseebﬂal réipl@ tai | s
have a rail length nmeasured frotir; gl ’}9 der edge
toward the trailing € §F‘P&éﬁngdﬁéllaﬁ‘éﬁe of the Jtlffét 4% d

| ongi tudi nal rail has the nmaxi @étond rails; rail width at a position
al ong the

a minimum rail width at the trailing rail
edge of the first and second rails; and

wherein the inside rail edges diverge from
the center 1line along the trai{ing
section of the first and second rails as
the trailing section extends from the
waist section of the first and second
rails.

18. An optical recording slider comprising:

a slider body comprising a leading slider
edge, a trailing slider edge and a
center line extending from the leading
slider edge to the trailing slider edge;

first and second longitudinal rails
positioned on the slider body and each
comprising inside and outside rail
edges, a leading section, a leg section,
a waist section and a trailing section,
wherein the inside and outside rail
edges extend parallel to the center line
along the 1leading section, from the
leading slider edge to the leg section
of the first and second rails, diverge
from the center 1line along the leg
section, from the leading section to the
waist section of the first and second
rails, and then extend parallel to the
centexr line along the waist section,

-
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center |ine correspondfhg to a m dpoi nt

of the first and

+23-

| ongi tudi nal side rai

center i ne

second | onai.tudi nal—side rails. - 13.

di sc -head sli dertﬁfe %)6(1: murlnsl g\?\ﬁr@iﬁ!&gégf BEEN e{third “!ll“ﬂllg!“!”lmnll!l

correspondi RR5to 1/5 to 2/3 the rai

from the leg section to the trailing
section of the first and second rails,
and wherein the 1inside 1rail edges
diverge from the center line along the
trailing section, from the waist section
toward the trailing rail edge of the
first and second rails;

a third longitudinal rail positioned along

the center line, between the first and
second longitudinal rails and comprising
first and second lateral rail edges, a
trailing rail edge, a leading section, a
waist section and a maximum rail width,
wherein the lateral side edges extend
parallel to the center line along the
leading section, from the leading slider
edge to the waist section of the third
rail, diverge from the center line along
the waist section, from the leading
section of the third rail to a portion
of the third rail having the maximum
rail width, extend parallel to the
center line along the portion having the
maximum rail width and then converge
toward the center line from the portion
having the maximum rail width toward the
trailing rail edge of the third rail;

an optical head positioned along the center

line, between the trailing rail edge of
the third rail and the trailing slider
edge;

a first raised side pad positioned between

the first rail and the trailing edge and
rearward of the optical head; and
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An optical disc drive comprising:

a housing;

a spindle motor;

a disc rotatably coupled to the spindle
motor;

an actuator assembly mounted to the housing;
and

an optical recording slider carried by the
actuator assembly for communication with
the disc, the slider comprising:

a slider body comprising a leading
slider edge, a trailing slider edge
and a center line extending from
the leading slider edge to the
trailing slider edge;

an optical head carried by the slider
body along the center lihe;

first and second longitudinal side rails
positioned on the slider body and
terminating prior to the trailing
slider edge;

a third longitudinal rail positioned
between the first- and second
longitudinal side rails and
terminating forward of the head;

a first raised side pad positioned
between the first longitudinal side
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first and second lateral rail edges_-g7- extend parallel to
the center |ine,

rail and the trailing slider edge
and rearward of the head; and
a second raised side pad positioned
between the second longitudinal
side rail and the trailing slider
edge and rearward of the head, the

first and second raised side pads

being discrete from the first,
second and third longitudinal
rails.
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first

center line extending from the leading
slider edge to the trailing slider
edge;

a head carried by the slider body along the
center 1line, forward of the trailing
slider edge;

first and second 1longitudinal side rails
positioned on the slider body and
having trailing rail edges terminating
prior to the trailing slider edge;

a third longitudinal rail positioned between
the first and second longitudinal side
rails and terminating forward of the
head and of the trailing rail edges of
the first and second longitudinal side
rails;

a first raised side pad positioned between
the first longitudinal side rail and
the trailing edge and rearward of the
head; and

a second raised side pad positioned between
the second longitudinal side rail and
the trailing edge and rearward of the
head, the first and second raised side
pads being discrete from the first,
second and third longitudinal rails.

The disc head slider of claim 1 wherein the
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leading and trailing pad edges and are wider at the
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leading pad edge than at the trailing pad edge.

3. The disc head slider of claim 2 wherein the
first and second raised side pads each further
comprise inside and outside pad edges and a length
measured from the leading pad edge to the trailing pad
edge, and wherein the inside pad edges diverge from
the center line along a portion of the length from the
leading pad edge to the trailing pad edge.

4. The disc head slider of c¢laim 1 wherein the
first and second raised side pads each comprise a
trailing pad edge, and wherein the first and second
raised side pads are separated from one another at the
trailing pad edges, angle toward one another between
the trailing pad edge and the head, and wmeet one
another substantially at the head.

5. The disc head slider of claim 4 wherein the
slider body is formed of a slider substrate material,
the first and second raised side pads are formed of
electrically conductive traces, which are applied to
the slider substrate material, and the first and
second raised side pads are electrically coupled to
the head.

6. The disc head slider of claim 1 wherein the
slider body is formed of a slider substrate material
and the first and second raised side pads are formed
of the slider substrate material.

7. The disc head slider of claim 1 wherein the
first and second longitudinal side rails form first
and second bearing surfaces, respectively, the first
and second raised side pads form third and fourth
bearing surfaces, respectively, and the third and
fourth bearing surfaces are parallel to and recessed
from the first and second bearing surfaces.
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rail edges of th jrst and second rajls, and- coppri Si first and
second ?ateral rg?ltﬁﬁékémgéxal edge an&T a recesseén%ra1f¥%g surface
which extends forward from the trailing rail edge and

is parallel to and recessed from the first and second
- bearing surfaces.
9. The disc head slider of claim 1 wherein the
head comprises an optical head.
10. The disc head slider of claim 1 wherein the
third longitudinal rail comprises a leading section, a
waist section and a trailing rail edge, wherein the
leading section is rectangular and extends from the
leading slider edge to the waist section and wherein
the waist section widens from a first width at the
rectangular leading section to a maximum width of the
third rail and then narrows from the maximum width
toward the trailing rail =edge of the third
longitudinal rail.
11. The disc head slider of claim 11 wherein the
first and second longitudinal side rails each have a
maximum rail width which is less than the maximum rail
width of the third rail.
12. The disc head slider of claim 11 wherein:
the first and second longitudinal side rails
have a rail 1length measured from the
leading slider edge toward the trailing
slider edge; and
the third longitudinal rail has the maximum
rail width at a position along the
center line corresponding to a midpoint
along the rail length of the first and
second longitudinal side rails.
13. The disc head slider of claim 13 wherein:
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the maximum rail width of the third
longitudinal side rail is confined to a
range along the center line
corresponding to 1/5 to 2/3 the rail
length of the first and second
longitudinal side rails, as wmeasured
from the leading slider edge toward the
trailing slider edge.
14. The disc head slider of claim 11 wherein the
third longitudinal side rail further comprises:
first and second lateral rail edges;
wherein the first and second lateral rail
edges extend parallel to the center
line from the leading slider edge to
the waist section; and
wherein the first and second lateral rail
edges diverge from the center line
along a first transition section of the
waist section, from the leading section
to the maximum rail width, extend
parallel to the center line from the
first transition section to a second
transition section of . the waist
section, and then converge toward the
center line along the second transition
section, from the maximum rail width
toward the trailing rail edge of the
third longitudinal rail.
15. The disc head slider of claim 15 wherein the
third longitudinal side rail further comprises:
a rectangular trailing section extending
from the second transition section to
the trailing rail edge of the third
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di sc drive conpri§ing: The disc head slider of claim 11 wherein the

first and second rails each comprise:

inside[,] and outside [and trailing] rail
edges;

a leading section, a waist section, a leg
section which extends from the leading
section to the waist section of the
first and second rails, and a trailing
gection which extends from the waist
section of the first and second rails
to the trailing rail edge of the first
and second rails;

a minimum rail width at the trailing rail
edge of the first and second rails; and

wherein the inside rail edges diverge from
the center 1line along the trailing
section of the first and second rails
as the trailing section extends from
the waist section of the first and
second rails.

17. An optical recording slider comprising:

a slider body comprising a leading slider
edge, a trailing slider edge and a
center line extending from the leading
slider edge to the trailing slider
edge;

first and second longitudinal rails
positioned on the slider body and each
terminating prior to the trailing rail
edge and comprising inside and outside
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rail edges, a leading section, a leg
section, a waist section and a trailing
section, wherein the inside and outside
rail edges extend parallel to the

center line along the leading section,

from the leading slider edge to the leg
section of the first and second rails,

diverge from the center line along the

leg secﬁion, from the leading section
to the waist section of the first and.
second railé, and then extend parallel

to the center 1line along the waist

section, from the 1leg section to the

trailing section of the first and
second rails, and wherein the inside

rail edges diverge from the center line
along the trailing section, from the
waist section toward the trailing rail

edges of the first and second rails;

a third longitudinal rail positioned along
the center line, between the first and
second longitudinal rails, terminating
prior to the trailing rail edges of the
first and second rails, and comprising
first and second lateral rail edges, a
trailing rail edge, a leading section,
a waist section and a maximum rail
width, wherein the 1lateral side edges
extend parallel to the center 1line
along the leading section, from the
leading slider edge to the waist
section of the third rail, diverge from
the center 1line along the waist



-@adi ng slider edge, a trailing slider
fromthe | eading slider edge to

| head carrLed_by~%he—srrdéF——' body

al ong t he cent » T forward of the tr ﬂﬂ‘““m edge;
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body and term nati e trailing sI ex] tal* first,
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' [ ' on the slider body and shaped for

generating air expansTon regions adj acent the optical head; a first
rai sed side pad positioned Fechéen. tfwom f thst leastigig ugeasliion of

the third rail to a portion of the

a; slider bedy conprising
edge and & certer |ine ext

third rail having the maximum rail
width, extend parallel to the center
line along the portion having the
maximum rail width and then converge
toward the center line from the portion
having the maximum rail width toward
the trailing rail edge of the third
rail;
an optical head positioned along the center
line, between the trailing rail edge of
the third rail and the trailing slider
edge;
a first raised side pad positioned between
the first rail and the trailing edge
and rearward of the optical head; and
a second raised side pad positioned between
the second rail and the trailing edge
and rearward of the head, the first and
second raised side bads being discrete
from the first, second and third
longitudinal rails.
18. An optical disc drive comprising:
a housing;
a spindle motor;
a disc rotatably coupled to the spindle
motoxr;
an actuator assembly mounted to the housing;
and
an optical recording slider carried by the
actuator assembly for communication
with the disc, the slider comprising:
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a slider body comprising a leading
slider edge, a trailing slider
edge and a center line extending
from the leading slider edge to
the trailing slider edge;

an optical head carried by the slider
body along the center 1line,
forward of the trailing slider
edge;

[first and second longitudinal side
rails positioned on the slider
body and terminating prior to the
trailing slider edge;]

[a] first, second and third
longitudinal rail means positioned
[between the first and second
longitudinal side rails and
terminating forward of the head]
on the slider body and shaped for
generating air expansion regions
adjacent the optical head;

a first raised side pad positioned
between the first longitudinal
side rail and the trailing slider
edge and rearward of the head; and

a second raised side pad positioned
between the second Ilongitudinal
side rail and the trailing slider
edge and rearward of the head, the
first and second raised side pads
being discrete from the first,
second and third longitudinal

rails.
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